Modeling the Failure Time Distribution for Manufacturing and Retail Corporations Using Survival Analysis (Bankruptcy, Cox Model, Binary Response, Business). by Karamessinis, George S
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1985
Modeling the Failure Time Distribution for
Manufacturing and Retail Corporations Using
Survival Analysis (Bankruptcy, Cox Model, Binary
Response, Business).
George S. Karamessinis
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Karamessinis, George S., "Modeling the Failure Time Distribution for Manufacturing and Retail Corporations Using Survival Analysis
(Bankruptcy, Cox Model, Binary Response, Business)." (1985). LSU Historical Dissertations and Theses. 4096.
https://digitalcommons.lsu.edu/gradschool_disstheses/4096
INFORMATION TO USERS
This reproduction was made from a copy o f a docum ent sent to  us for microfilming. 
While the most advanced technology has been used to  photograph and reproduce 
this docum ent, tiie quality of the reproduction is heavily dependent upon the 
quality o f the material subm itted.
The following explanation o f techniques is provided to help clarify markings or 
notations which may appear on this reproduction.
1.The sign or “ target” for pages apparently lacking from the document 
photographed is “Missing Page(s)” . If  it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity.
2. When an image on the film is obliterated with a round black mark, it is an 
indication o f either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should no t have been filmed. For 
blurred pages, a good image o f the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame.
3. When a map, drawing or chart, etc., is part o f the material being photographed, 
a definite m ethod o f “sectioning” the material has been followed. It is 
customary to begin filming at the upper left hand corner o f a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete.
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department.
5. Some pages in any docum ent may have indistinct print. In all cases the best 




300 N. Zeeb Road 
Ann Arbor, Ml 48106
8526376
Karamessinis, George S.
MODELING THE FAILURE TIME DISTRIBUTION FOR MANUFACTURING AND 
RETAIL CORPORATIONS USING SURVIVAL ANALYSIS
The Louisiana State University and Agricultural and Mechanical Col. Ph.D. 1985
University 
Microfilms
International 300 N. Z eeb Road, Ann Arbor, Ml 48106
MODELING THE FAILURE TIME DISTRIBUTION FOR 
MANUFACTURING AND RETAIL CORPORATIONS 
USING SURVIVAL ANALYSIS
A D i s s e r t a t i o n
Submitted  to the Graduate F a c u l ty  o f  the 
L o u i s i a n a  S t a t e  U n i v e r s i t y  and 
A g r i c u l t u r a l  and Mechanical  College  
i n  p a r t i a l  f u l f i l l m e n t  o f  the 
r eq u i re m en ts  f o r  the  degree  of  
Doctor  of  Ph ilosophy
i n
Bus iness  A d m in i s t r a t i o n
by
George S. K aram ess in i s  
B.S.  U n i v e r s i t y  o f  P a t r a s ,  G reece ,  1978 
M.S. L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1979 
August 1985
ACKNOWLEDGEMENTS
I t  i s  n o t  p r a c t i c a l  to e x p l i c i t l y  c i t e  he re  a l l  who a s s i s t e d  and 
encouraged  me i n  t h i s  e f f o r t .  Consequen t ly ,  t h i s  acknowledgement i s
in com ple te  by d e s ig n .  My s i n c e r e  thanks  to a l l  t h a t  h e l p e d .
I  am g r a t e f u l  to my chai rman ,  Dr. Stephen Looney,  f o r  h i s  
i n v a l u a b l e  t e c h n i c a l  and p r o f e s s i o n a l  gu idance  and a s s i s t a n c e .  I 
would a l s o  l i k e  to thank the members o f  my commit tee,  Dr. Stephen 
Looney, Dr.  Roger B ur fo rd ,  Dr. Rober t  M a r t i n ,  Dr.  Michael  P e t e r s ,  Dr. 
Kenneth Reed,  and James Wansley f o r  t h e i r  gu idance  and encouragement 
in  the p r e p a r a t i o n  o f  t h i s  d i s s e r t a t i o n .  S p e c i a l  thanks  a l s o  go to  
Dr. Will iam Thompson f o r  h i s  he lp  and i n s t r u c t i o n  during  my ed u c a t io n  
a t  L ou i s i a n a  S t a t e  U n i v e r s i t y  and to Debbie and Kate Wernet f o r  
l e t t i n g  me draw upon t h e i r  v a l u a b l e  p r a c t i c a l  e x p e r i e n c e  w h i le  working 
on t h i s  d i s s e r t a t i o n .
Most o f  a l l ,  I  owe a g r e a t  deb t  o f  g r a t i t u d e  to my p a r e n t s  f o r  
t h e i r  s u p p o r t  and encouragement du r ing  my s t u d i e s .  To roy f a t h e r ,  
N ic h o la s ,  and my mother  D en ise ,  tha nks .
The he lp  of  Mrs. B e a t r i c e  Windgaston in  ty p ing  t h i s  t e x t  i s  a l s o
g r e a t l y  a p p r e c i a t e d .




ABSTRACT..................................................................................................................................... v i i
Chap te r  Page
I .  INTRODUCTION
1.1  S t a t e m e n t  o f  the Problem and G enera l  A pproach ................... 1
1 .2  L i t e r a t u r e  Review: G enera l  C o n s i d e r a t i o n s  . . . . . . 4
.1*3 S i n g l e  C o v a r i a t e  M o d e l s . . . . * . . . 7
1 .4  M u l t i p l e  D i s c r i m i n a t e  M odels ...........................................................8
1 .5  Models Based on G am ble r ' s  Ruin S t o c h a s t i c  P r o c e s s . . . 11
1 .6  C o n d i t i o n a l  P r o b a b i l i t y  Response Models ...............................12
1 .7  Ev idence  o f  Lack o f  N o r m a l i t y ...................................................... 14
I I .  PURPOSE AND METHODOLOGY OF THIS DISSERTATION
2 .1  D e f i n i t i o n  o f  H a z a rd ........................................................................... 16
2 .2  Model C o n v e n t io n s .................................................................................. 19
2 .3  M athem at ica l  D e t a i l s  o f  the  Model .............................................23
2 . 4  Sample C o n s i d e r a t i o n s ........................................   25
2 .5  P r o s p e c t i v e  S am ples .....................   27
I I I .  EMPIRICAL RESULTS
3 .1  S e l e c t i o n  o f  V a r i a b l e s :  C r i t e r i a ............................................ 31
3 . 2  S e l e c t i o n  o f  V a r i a b l e s :  The F i n a l  S e t ................................33
3 . 3  E s t i m a t i o n  R e s u l t s .................  .36
3 . 4  T e s t i n g  the  P r o p o r t i o n a l i t y  A ssum pt ion .................................38
IV. IMPLEMENTATION
4 .1  E s t i m a t i o n  o f  Expec ted  P a y o f f s ................................................... 46
4 . 2  S e t t i n g  the  C u to f f  P o i n t ....................................  48
4*3 Clas  s i f l c a t i o n  Re s u l t s . . . . . * . . * . * * . . . . . . . . . . . . . . . . . . 5 3
4 . 4  C o n s i d e r a t i o n  i n  Comparing C l a s s i f i c a t i o n  R e s u l t s . . . 59
V. CONCLUSIONS AND FUTURE EXTENSTIONS '
5 .1  C o n c l u s i o n s ................................................................................................70




APPENDIX A Bankrup tcy  R e o r g a n i z a t i o n  Law:
H i g h l i g h t s  and D e f i n i t i o n s ............................................................ 84
APPENDIX B Com puta t iona l  D e t a i l s .......................................................................... ,89
APPENDIX C V a r i a b l e s  S e a r c h e d .................................................................................. 92




1. E s t i m a t io n  R e s u l t s :  Model 7 3 .......................................................................  AO
2.  E s t i m a t io n  R e s u l t s :  Model 75 ..................................................................... 41
3.  E s t i m a t io n  R e s u l t s :  Model 77 .......................................................................  42
4.  C l a s s i f i c a t i o n  R e s u l t s :  Cumulat ive Accuracy
by P e r io d  (Sample 7 2 ) ..................................................................................  63
5.  C l a s s i f i c a t i o n  R e s u l t s :  Cumulat ive Accuracy
by P e r io d  (Sample 7 3 ) .................................................................................  64
6.  C l a s s i f i c a t i o n  R e s u l t s :  Cumulat ive Accuracy
by P e r io d  (Sample 75)...................................................    65
7.  C l a s s i f i c a t i o n  R e s u l t s :  Cumulat ive Accurancy
by P e r io d  (Sample 7 7 ) .................................................................................  66
8.  C l a s s i f i c a t i o n  Accuracy by D is tance  From Data Year:
Model 77 (Samples 72,  73, 75, 7 7 ) ....................................................... 67
9.  C l a s s i f i c a t i o n  Accuracy by D is tance  From Data Year:
Model 77 (Samples 72,  73, 7 5 ) ................................................................  68
10.  M i s c l a s s i f i c a t i o n  o f  Non-Failed  Companies A l ive




1. Cumulat ive Hazard F unc t ion  o f  R e s id u a l s  (Sample 7 3 ) ...................... 43
2.  Cumulat ive Hazard F unc t ion  o f  R e s id u a l s  (Sample 7 5 ) ...................... 44
3.  Cumulat ive Hazard F unc t ion  o f  R e s id u a l s  (Sample 7 7 ) . . . . . ...........45
v i
ABSTRACT
In  the  p a s t  the  problem o f  f i n a n c i a l  d i s t r e s s  has  been 
i n v e s t i g a t e d  main ly  th rough  d i s c r i m i n a n t  a n a l y s i s  and c o n d i t i o n a l  
re s p o n s e  ( l o g i t *  p r o b i t )  t e c h n i q u e s .  With the  use o f  such models ,  
i n f e r e n c e  i s  made about  the f u t u r e  s t a t u s  o f  a company as  f a i l u r e  or  
n o n - f a i l u r e  c o n d i t i o n a l  upon i t s  observed  f i n a n c i a l  a t t r i b u t e s .  
Although re sponse  models (and d i s c r i m i n a n t  models  under  c e r t a i n  
a s sum pt ions )  can be used to e s t i m a t e  th e  p r o b a b i l i t y  o f  f a i l u r e  o f  a 
f i rm  as a f u n c t i o n  of  i t s  observed  c h a r a c t e r i s t i c s ,  n e i t h e r  group of  
te chn iques  can p rov ide  e s t i m a t e s  o f  the f a i l u r e  r a t e  ( h aza rd )  o f  a 
p o p u l a t i o n  as a f u n c t i o n  of  t im e .
In c e r t a i n  s i t u a t i o n s ,  when the time to f a i l u r e  i s  an im por tan t  
d e t e rm in a n t  o f  the p a y o f f s ,  knowing the f a i l u r e  r a t e  over  time becomes 
c r i t i c a l .  Expec ted  p a y o f f s ,  under  d i f f e r e n t  in ves tm en t  o r  l end ing  
d e c i s i o n  p o l i c i e s ,  can be e s t i m a t e d  when a model of  the  e v o l u t i o n  of  
f a i l u r e s  over  time i s  a v a i l a b l e .
This  s tu d y  p ro v id e s  a f u n c t i o n a l  method of  modeling the e m p i r i c a l  
s u r v i v o r  f u n c t i o n  o f  a c o r p o r a t i o n  over  a p e r i o d  o f  a t  l e a s t  f i v e  
y e a r s ,  c o n d i t i o n a l  upon the c o r p o r a t i o n ' s  obse rved  f i n a n c i a l  
c h a r a c t e r i s t i c s .  The s u r v i v o r  f u n c t i o n  S ( t , z )  (which p ro v id es  the 
p r o b a b i l i t y  t h a t  a f i rm  o f  z f i n a n c i a l  a t t r i b u t e s  w i l l  s u r v iv e  f o r  a t  
l e a s t  t  y e a r s )  was e s t i m a t e d  through the p r o p o r t i o n a l  h aza rds  model.  
The c o v a r i a t e s  employed in  the  fo rm a t io n  o f  the  haza rd  f u n c t i o n  were
v i i
chosen from a c c o u n t in g  v a r i a b l e s  and f i n a n c i a l  r a t i o s  c o n s t r u c t e d  from 
the in f o r m a t io n  c o n t a in e d  in  the  annual  s t a t e m e n t  o f  p u b l i c l y  t r a d e d  
m an u fa c tu r in g  and r e t a i l  companies.
The s u r v i v o r  f u n c t i o n  l e a d s  to  the  e s t i m a t i o n  o f  the  
p r o b a b i l i t i e s  o f  f a i l u r e  by time i n t e r v a l s  o f  i n t e r e s t ,  i n s i d e  the  
s tudy  p e r i o d  of  f i v e  y e a r s .  The s i g n i f i c a n c e  o f  t h i s  f e a t u r e  i s  t h a t  
one does n o t  need to be c o n f in e d  to  the p r o b a b i l i t y  o f  b in a ry  r e sponse  
( i . e . ,  f a i l u r e  on n o n - f a i l u r e )  w i t h i n  the whole s tudy  p e r io d ;  the 
p r o b a b i l i t i e s  of  f a i l u r e  over  f i n e r  t ime segments a r e  p ro v id ed .  This  
i s  in  c o n t r a s t  to the i n fo rm a t io n  p rov ided  by d i s c r i m i n a n t  a n a l y s i s  
and o t h e r  b in a ry  re sponse  models which by themselves  p rov ide  l i t t l e  
i n s i g h t  i n t o  the way e x p la n a to ry  v a r i a b l e s  a f f e c t  s u r v i v a l .
C H A P T E R  I
1.  INTRODUCTION 
1•1 S ta tem en t  of  the Problem and General  Approach
In an economic system,  the c o n t inuous  e n t ry  and e x i t  o f  f i r m s ,  i n  
and o u t  of  the p r o d u c t i v e  a r e n a ,  i s  viewed a s  p a r t  of  the mechanism 
t h a t  o p e r a t e s  to i n c r e a s e  the e f f i c i e n c y  o f  the economy. Through 
c o m p e t i t i o n ,  i n e f f i c i e n t  members a r e  e l i m i n a t e d  i n  f a v o r  o f  the  more 
e f f i c i e n t  ones .  A f i r m ' s  e x i t  from the  above system i s  m a n i f e s t e d  by 
a l i q u i d a t i o n  o r  b an k ru p tc y .  However, t h i s  p ro ces s  of  e l i m i n a t i o n  i s  
n o t  f r e e  of  c o s t  to  the p a r t i e s  a s s o c i a t e d  w i th  a t r o u b l e d  e n t i t y .  A 
f a i l u r e  and dea th  of  a company r e s u l t s  i n  i n v e s t o r s '  l o s s  of  e q u i t y  
and d iv id e n d s ,  c r e d i t o r s '  l o s s  o f  p r i n c i p a l / r e t u r n ,  and employees '  
l o s s  of  j o b s .  The dea th  of  a l a r g e  company i s  a l s o  f e l t  i n d i r e c t l y  by 
many o t h e r  companies and i n  many o t h e r  s e c t o r s  of  the economy through 
the  c h a in  e f f e c t s  o p e r a t i n g  i n  a dynamic env i ronm ent .  F ur the rm ore ,  a 
f i rm  in v o lv ed  in  bankrup tc y  p roceed ings  i n c u r s  d i r e c t  as  w e l l  as  
i n d i r e c t  c o s t s .  These i n c lu d e  t a n g i b l e  c o s t s  such as  f e e s  f o r  
bankrup tcy  f i l i n g ,  l e g a l  and o t h e r  f e e s  f o r  p r o f e s s i o n a l  s e r v i c e s  and 
i n t a n g i b l e  c o s t s  such as m a n a g e r ia l  t ime expended f o r  l i q u i d a t i o n  o r  
r e o r g a n i z a t i o n  and most im p o r t a n t ,  l o s s  of  s a l e s  due to p e r c e iv e d  
p o t e n t i a l  b a nk rup tc y .
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From the s t a n d p o i n t  o f  the t r o u b l e d  f i rm  and the p a r t i e s  
a s s o c i a t e d  w i th  i t ,  we can see  the  b e n e f i t s  o f  r e c o g n iz in g  a r i s k y  
s t a t e  e a r l y  in  o r d e r  to minimize the l o s s e s  and remedy the  s i t u a t i o n  
i f  p o s s i b l e .  Th is  t a s k  of  r e c o g n i t i o n  c a l l s  f o r  modeling the 
company's  c o n d i t i o n a l  l i f e  d i s t r i b u t i o n  a s  a f u n c t i o n  o f  i t s  own 
f i n a n c i a l  c h a r a c t e r i s t i c s  and the e x t e r n a l  r i s k  due to market  
c o n d i t i o n s .  A p r o b a b i l i t y  model o f  t h i s  n a t u r e ,  by p u t t i n g  the 
company i n  p e r s p e c t i v e  w i th  o t h e r  companies in  the economy, can s i g n a l  
impending f i n a n c i a l  t r o u b l e  and a l e r t  i t s  management to  take 
c o r r e c t i v e  a c t i o n s .  P o t e n t i a l  u s e s  of  such a model go beyond the 
boundar ie s  of  the company i t s e l f .  R egu la to ry  a g e n c i e s ,  f o r  i n s t a n c e ,  
need to a s s e s s  the r i s k i n e s s  o f  r e g u l a t e d  f i r m s .  E s t im a t in g  the 
f i n a n c i a l  r i s k  i s  a l s o  im p o r ta n t  f o r  an i n v e s t o r  i n  c a p i t a l  s t o c k ,  a 
p u rc h a s e r  of  bonds,  or  a banker  making a commercial  loan  d e c i s i o n .  
Moreover,  under  the f a i l i n g  company d o c t r i n e ,  a f i rm  i n  d i s t r e s s  can 
be exempted from c e r t a i n  a n t i t r u s t  p r o h i b i t i o n s  and be a l low ed  to 
merge w i th  a n o t h e r  f i rm ,  i f  h igh  p r o b a b i l i t y  f o r  i t s  f a i l u r e  can be 
e s t a b l i s h e d .
B u i ld in g  e f f e c t i v e  models  t h a t  d e t e c t  r i s k y  s t a t e s  of  f i rm s  has
become i n c r e a s i n g l y  im p o r ta n t  i n  r e c e n t  y e a r s .  The main r ea s o n  f o r
t h i s  i s  the f a c t  t h a t  the number of  b u s in e s s  bankrup tc y  f i l i n g s  has
in c r e a s e d  d r a m a t i c a l l y  i n  the i^ .s t  decade.  Since 1974 the average
number of  bankrup tcy  f i l i n g s ^  per  y e a r  has n o t  f a l l e n  below 20,744;
re a c h in g  the  r e c o r d  of  47,414 in  1981 which was l a t e r  s u rp a s se d  i n
1982 by more than 10,000.  The l a s t  decade a l s o  saw a s u b s t a n t i a l
2i n c r e a s e  i n  average  l i a b i l i t y  o f  a f a i l i n g  f i rm  as compared to the
3
3
p reced ing  decade.  The average  l i a b i l i t y  has  remained  u n i fo rm ly  above 
the $300,000 l e v e l  s in c e  1974,  and t h i s  i s  tw ice  the h i g h e s t  average  
l i a b i l i t y  ex p e r i e n c e d  i n  any y ea r  between 1960 and 1970.^
R e s e a rc h e r s ,  i n  t h e i r  endeavors  to d e t e c t  b ank rup tcy ,  have been 
b u i l d i n g  models f o r  the l a s t  two decades .  U n f o r t u n a t e l y ,  f ace d  w i th  
such a com pl ica ted  t a s k ,  the models a r e  n o t  f r e e  of  t r a d e - o f f s .  Con­
s e q u e n t l y ,  the adequacy of  a  model i s  de termined  on the b a s i s  o f  i t s  
in t e n d e d  u se .  The m a j o r i t y  of  the models  a r e  des igned  to c l a s s i f y  
f i rm s  i n t o  e i t h e r  a f u t u r e  s t a t e  o f  f a i l u r e  o r  a s t a t e  of  a non­
f a i l u r e .  For some d e c i s i o n s ,  however,  such a dichotomous
c l a s s i f i c a t i o n  i s  n o t  adequa te  w i th o u t  the s im ul taneous  e s t i m a t i o n  of  
the p r o b a b i l i t y  t h a t  a f i rm  w i l l  be r o u te d  to one of  the above two 
s t a t e s .  Moreover, f o r  th e s e  t r a n s i t i o n  p r o b a b i l i t i e s  to be most 
u s e f u l ,  one needs to  ex p re s s  them as  f u n c t i o n s  of  t ime.  Formula t ion  
of  d e c i s i o n  r u l e s  f o r  s e t t i n g  r i s k  premia  or  t a k in g  in v e s tm en t  a c t i o n s  
become more a c c e s s i b l e  when one has the  d i s t r i b u t i o n  of  f a i l u r e  t imes 
w i th i n  the p e r io d  o f  s tu d y .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  e s t i m a t i n g  
the  s u r v i v o r  f u n c t i o n  of  p u b l i c l y  t r a d e d  companies w i l l  be welcomed as 
an a l t e r n a t i v e  to p rev io u s  e f f o r t s  i n  modeling bankrup tc y  proba­
b i l i t i e s .  In summary, t h i s  r e s e a r c h  e s t i m a t e s  the s u r v i v o r  f u n c t i o n  
of  p u b l i c l y  t r a d e d  m a nufa c tu r ing  and r e t a i l  f i rm s  u s in g  the  Cox 
p r o p o r t i o n a l  haza rd  model.  The s u r v i v o r  f u n c t i o n  S(t,_z) p ro v id es  the 
p r o b a b i l i t y  t h a t  a company w i th  c h a r a c t e r i s t i c s  v e c t o r  z_ w i l l  s u rv iv e  
f o r  a t  l e a s t  t  y e a r s  i n t o  the  f u t u r e .  The e s t i m a t i o n  of  the  s u r v iv o r  
f u n c t i o n  i s  in  c o n t r a s t  to o t h e r  s t u d i e s  t h a t  c l a s s i f y  companies as  
p o t e n t i a l  f a i l u r e s  o r  n o n - f a i l u r e s .
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Due to the g r e a t  im por tance  of  the s u b j e c t  " c o r p o r a t e  f a i l u r e " ,  
the l i t e r a t u r e  i s  very  e x t e n s i v e .  F o r t u n a t e l y ,  t h e r e  a r e  s e v e r a l  
rev iews  of  the  l i t e r a t u r e  a v a i l a b l e ,  i n c l u d i n g  th ose  by Altman (1983) ,  
S c o t t  (1981) ,  and Zavgren (1983 ) .  The v a s t  m a j o r i t y  o f  the s t u d i e s  
des ign  models to  p r e d i c t  whether  a company w i l l  f a i l  w i t h i n  a p e r io d  
of  one to  f i v e  y e a r s  f o l l o w in g  the o b s e r v a t i o n  of i t s  f i n a n c i a l  
c h a r a c t e r i s t i c s .  In the s e q u e l ,  i n  o r d e r  to  summarize the l i t e r a t u r e  
on c o r p o r a t e  f a i l u r e  p r e d i c t i o n  models in  the most conven ien t  form, 
the  e x i s t i n g  s t u d i e s  on the  t o p i c  w i l l  be grouped by th e  s t a t i s t i c a l  
t e c h n iq u e s  t h a t  they used  and then the fo l l o w in g  p o i n t s  w i l l  be 
d i s c u s s e d  i n  each group:
1 .  s t a t i s t i c a l  and t h e o r e t i c a l  f i n d i n g s  t h a t  a r e  s u g g e s t iv e  f o r  
t h i s  r e s e a r c h ,  and
2.  weaknesses and l i m i t a t i o n s .
1 .2  L i t e r a t u r e  Review: General  C o n s id e ra t io n s
The g r e a t  number of  papers  on the to p i c  of  bankruptcy  and the 
c o n t in u in g  s e a rc h  f o r  a b e t t e r  model a r e  symptoms of the d i f f i c u l t i e s  
i n h e r e n t  i n  the s u b j e c t .  Such d i f f i c u l t i e s  a r i s e  from the fo l lo w in g :
1.  There i s  n o t  an e x p l i c i t ,  w e l l - d e f i n e d  th eory  of  the 
bankruptcy  p r o c e s s .
2.  The u n d e r ly in g  c o n d i t i o n s  of  the economy t h a t  r e l a t e  to the 
bankrup tcy  phenomenon a r e  hard  to  e s t i m a t e  and p r e d i c t .
3 .  The i n h e r e n t  l i m i t a t i o n s  of  the s t a t i s t i c a l  models .
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4.  A r e s e a r c h e r  cannot  o b t a i n  v a r i a b l e s  i n  the economic sense 
t h a t  d e s c r ib e  the c h a r a c t e r i s t i c s  of  a company. The b e s t  
a v a i l a b l e  a l t e r n a t i v e  i s  to  use s u r r o g a t e  acc o u n t in g  d a t a .
5 .  Most o f  the v a r i a b l e s  t h a t  one can g e t  from f i n a n c i a l  
s t a t e m e n t s  a r e  c o r r e l a t e d  e i t h e r  on a o n e - to -o n e  b a s i s  o r  i n  
the form of  l i n e a r  compounds.
,6. The smal l  number o f  c o r p o r a t e  b a n k r u p tc i e s  f o r  which one has 
data w i t h i n  a g iven  y e a r .
7.  P o l i c y ,  law and r e g u l a t i o n s  a f f e c t i n g  the bankrup tc y  p rocess  
change over  t ime.
The most popu la r  c o r p o r a t e  f a i l u r e  p r e d i c t i o n  models  can be
c l a s s i f i e d  i n t o  fou r  major  g roups :  (a )  s i n g l e  v a r i a t e  d i s c r i m i n a n t ,
(b)  m u l t i v a r i a t e  d i s c r i m i n a n t ,  (c )  models  based  on the  g a m b le r ' s  r u i n  
s t o c h a s t i c  p r o c e s s ,  and (d )  c o n d i t i o n a l  r e sponse  models .
In  developing  the models of  the above groups ,  the r e s e a r c h e r
o b t a i n s  a sample of  f a i l e d  and n o n - f a i l e d  f i rm s  which i s  d iv id ed  i n t o  
two sub-sam ples .  One of  the se  sub-samples  i s  used f o r  f i t t i n g  the 
model whereas the o t h e r  (h o ld  o u t )  sample i s  used  to e s t i m a t e  the 
m o d e l ' s  c l a s s i f i c a t i o n  acc u racy .  Companies in  the h o ld - o u t  sample are 
c l a s s i f i e d  as  p o t e n t i a l  f a i l u r e s  o r  n o n - f a i l u r e s  on the b a s i s  of  t h e i r  
obse rved  a t t r i b u t e s  and the o b ta in e d  accuracy  over  t h i s  sample i s  
assumed to be a good e s t i m a t e  o f  any ex a n t e  p r e d i c t i o n  per formance .  
In  some cases  the model i s  r e v a l i d a t e d  over  samples taken  from f u t u r e
p e r io d s  [Altman (1983,  p .  136); Altman and McGough (1974) ;  Moyer
( 1 9 7 7 ) ] .
The l i m i t e d  t h e o r e t i c a l  knowledge about  the mechanism of f a i l u r e
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l e d  to the  c o n s t r u c t i o n  o f  the v a s t  m a j o r i t y  of  models  u s in g  the 
e m p i r i c a l  approach of  choosing  te n  to  twenty v a r i a b l e s  and then
reduc ing  the  number on the  b a s i s  of  t h e i r  p r e d i c t i v e  a b i l i t y .  An
e x c e p t io n  to  t h i s  approach was taken  by Wilcox (1971,  1973) who, us ing  
the framework o f  the "gam bler ’ s r u i n ” t h e o ry ,  made a more 
c o n s c i e n t i o u s  a t t e m p t  to  i n c o r p o r a t e  a dynamic p ro c e s s  of  f a i l u r e  i n t o  
the development o f  h i s  model .
The e x p l a n a to r y  v a r i a b l e s  used i n  the  c o n s t r u c t i o n  o f  the
e x i s t i n g  f a i l u r e  p r e d i c t i o n  models a r e  o b t a in e d  from the  f i n a n c i a l  
s t a t e m e n t s  which c o n t a in  acc o u n t in g  i n f o r m a t i o n .  Using accoun t ing  
in f o r m a t io n  obscu re s  the c o m p a r a b i l i t y  of  d i f f e r e n t  f i rm s  because  the 
measurement o f  ac c o u n t in g  v a r i a b l e s  i s  n o t  c o n s i s t e n t  a c r o s s  
companies .  B e t t e r  i n f o r m a t i o n ,  however,  i s  n o t  a v a i l a b l e .
I d e a l l y ,  one would l i k e  to I n c o r p o r a t e  I n to  the  models  those 
economic v a r i a b l e s  which i n f l u e n c e  the f a i l u r e  r a t e  o f  c o r p o r a t i o n s .  
However, the a s s o c i a t i o n  between economic v a r i a b l e s  and f a i l u r e  r a t e  
i s  i n t r i c a t e  and t h e r e f o r e  h a rd  to  model;, moreover ,  i t  i s  p robab ly  
n o n - s t a t i o n a r y  over  t ime.  As a r e s u l t ,  the  absence  of  economic 
v a r i a b l e s  from f a i l u r e  models i s  w id e s p re a d .  One cou ld  a rgue  t h a t  the 
absence  of  market  and economic v a r i a b l e s  from the  bankruptcy  
p r e d i c t i o n  models  i s  the r e s u l t  of  be ing  p ragm at ic  and f u n c t i o n a l .  
Economic and market  v a r i a b l e s ,  more o f t e n  than  n o t ,  a r e  hard  to
f o r e c a s t  and in  some c a s e s  the  c u r r e n t  o b s e r v a t i o n  of  such a v a r i a b l e
i s  the b e s t  f o r e c a s t  f o r  i t s  f u t u r e  v a l u e .  Consequent ly ,
I n c o r p o r a t i n g  economic v a r i a b l e s  i n t o  the models  would n o t  n e c e s s a r i l y  
i n c r e a s e  the  accuracy  of  an ex an t e  p r e d i c t i o n  as  t h i s  accuracy  would
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be s u b j e c t  to  the p r e c i s i o n  of the  f o r e c a s t e d  economic v a r i a b l e s .  On 
the o t h e r  hand,  a model w i th  economic v a r i a b l e s  has  the p o t e n t i a l  of  
p r o v i d i n g ,  s u b j e c t  to  any n o n - s t a t i o n a r i t y  between economic v a r i a b l e s  
and f a i l u r e  r a t e ,  the  b e n e f i t  o f  s e n s i t i v i t y  a n a l y s i s ,  by a l lo w in g  the 
i n c o r p o r a t i o n  o f  o n e ’ s p e r s o n a l  judgment about  the  f u t u r e  economic 
c o n d i t i o n s  i n t o  the model.
Another p o i n t  t h a t  needs to be d i s c u s s e d  i s  the d e f i n i t i o n  of 
f a i l u r e  i n  the d i f f e r e n t  s t u d i e s  i n  the  l i t e r a t u r e .  Some r e s e a r c h e r s  
c o n s id e r  a company as  f a i l e d  when i t  f i l e s  under Chapter  X, XI, o r  11 
o f  the  Bankruptcy Act."’ More g e n e r a l  d e f i n i t i o n s  i n c lu d e  l i q u i d a t i o n ,  
bond d e f a u l t ,  overdrawn bank accoun t  and non-payment of  p r e f e r r e d  
s to c k  d iv id e n d .  One consequence  of  t h i s  i s  t h a t  the  c o m p a r a b i l i t y  of  
d i f f e r e n t  s t u d i e s  i s  somewhat obscu red .
Another p o i n t  t h a t  i n t e r f e r e s  w i th  the c o m p a r a b i l i t y  o f  the  
e x i s t i n g  s t u d i e s  i s  t h a t  they use non-random samples from d i f f e r e n t  
time p e r io d s  to  e s t i m a t e  the  per formance o f  t h e i r  models .  The l a t t e r  
makes the t a s k  of  i n t e r s t u d y  compar ison d i f f i c u l t  as  the e r r o r  r a t e s  
depend on the u n d e r ly in g  d i v e r s i t y  of  the  ho ld  o u t  sample .  The more 
uniform the h o ld  out  sample w i t h i n  each  subgroup ( e . g .  f a i l e d ,  non­
f a i l e d ) ,  the e a s i e r  i s  the  t a s k  o f  d i s c r i m i n a t i o n  and p r e d i c t i o n .  In 
the  fo l l o w in g  s e c t i o n s  each group of  t e c h n iq u e s  w i l l  be d i s c u s s e d  In 
more d e t a i l .
1 .3  S in g le  C o v a r i a t e  Models
The most r e p r e s e n t a t i v e  r e s e a r c h  done i n  t h i s  group i s  t h a t  of
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Beaver (1966 ) .  In  c o n t r a s t  to  most subsequen t  r e s e a r c h e r s ,  Beaver 
i n v e s t i g a t e d  a b ro a d e r  group o f  f a i l u r e  i n c l u d i n g  b a n k r u p t c i e s ,  bond 
d e f a u l t s ,  overdrawn bank accoun ts  and om iss ion  of  p r e f e r r e d  d iv id e n d s .
Beaver examined 30 f i n a n c i a l  r a t i o s  and obse rved  t h a t  the 
fo l l o w in g  th r e e  r a t i o s  per formed b e s t  as  p r e d i c t o r s  of  f a i l u r e :  cash
f l o w / t o t a l  deb t ,  n e t  i n c o m e / t o t a l  d e b t ,  and cash f l o w / t o t a l  a s s e t s .  
The p rocedu re  t h a t  he fo l lo w ed  i s  r a t h e r  s u b j e c t i v e .  Through 
o b s e r v a t i o n  of  the d i s t r i b u t i o n  o f  th e se  r a t i o s  he de termined  c u t - o f f  
p o i n t s  so t h a t  companies w i th  r a t i o s  below th e s e  p o i n t s  were 
c l a s s i f i e d  a s  p o t e n t i a l  f a i l u r e s .  In a s ubse quen t  s tu d y ,  Beaver 
(1968) conducted  a n o t h e r  t e s t  to see i f  the s to c k  marke t  cou ld  p r e d i c t  
f a i l u r e  b e fo re  a c c o u n t in g  r a t i o s  d id  and found t h a t  the s to c k  market  
per formed s l i g h t l y  b e t t e r .
Most subsequen t  r e s e a r c h e r s  f e l t  t h a t  th e se  s i n g l e  r a t i o  models 
a r e  too s i m p l i s t i c  to c a p t u r e  the  com pl ica ted  n a t u r e  o f  the bankruptcy  
p r o c e s s .  However, B e a v e r ' s  s t u d i e s  a r e  q u i t e  i n f o r m a t iv e  on the 
b e h a v io r  o f  r a t i o s  of  companies c l o s e  to  b an k ru p tc y .  In  p a r t i c u l a r  he 
showed e m p i r i c a l l y  t h a t  the ave rage  r a t i o s  of  the b ank rup t  group have 
more d i s t i n c t  t r e n d s  over  t ime than  do th o se  of  the non-bankrup t  
g roup.
1 .4  M u l t i p l e  D is c r im in a n t  Models
Most of the a v a i l a b l e  bankrup tcy  p r e d i c t i o n  models belong to t h i s  
g roup .  The models t h a t  have r e c e i v e d  g r e a t e s t  p u b l i c i t y  a r e  th ose  of  
Altman (1968) ;  Altman,  Haldeman, Narayanan (1977) ;  Blum (1974) ;  and
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Deakin (1972,  1977) .
R esea rc h e r s  In  t h i s  group use m u l t i v a r i a t e  d i s c r i m i n a n t  models 
a rg u in g  t h a t  s i n g l e  v a r i a b l e  models a r e  too  s i m p l i s t i c  to  c a p t u r e  the  
com plex ity  of  the  f i n a n c i a l  f a i l u r e  p r o c e s s .
In  most o f  the pape rs  in  t h i s  group ,  the in dependen t  v a r i a b l e s  
a r e  f i n a n c i a l  r a t i o s .  R a t io s  based on s to c k s  and f lows and r a t i o s  
c l o s e l y  r e l a t e d  to  c o r p o r a t e  e a rn in g s  a r e  the  ones most  commonly used .
One assumption  in  u s in g  d i s c r i m i n a n t  c l a s s i f i c a t i o n  methods i s  
t h a t  the u n d e r ly in g  p o p u l a t i o n s  ( e . g . ,  b a n k ru p t ,  n o n -bank rup t )  a r e  
d e s c r ib e d  by d i f f e r e n t  p r o b a b i l i t y  d i s t r i b u t i o n s .  In  o rd e r  to 
de te rmine  which p o p u la t i o n  a g iven  i n d i v i d u a l  comes from, the  
r e s e a r c h e r  c o n s t r u c t s  a l i n e a r  o r  a n o n - l i n e a r  index t h a t  b e s t  
d i s c r i m i n a t e s  among p o p u l a t i o n s .  Concep tua l ly  though,  when an a l i v e  
company i s  obse rved  and i n f e r e n c e  i s  a t t e m p te d  f o r  i t s  f u t u r e  s t a t u s  
( e . g . ,  f a i l u r e  o r  n o n - f a i l u r e ) ,  the  company i s  d e f i n i t e l y  i n  the group 
o f  l i v e  companies.  Consequen t ly ,  d i s c r i m i n a n t  a n a l y s i s  i m p l i c i t l y  
t r i e s  to  make a s t a t e m e n t  about  the pa th  of the  p ro c e s s  t h a t  w i l l  
c l a s s i f y  the company i n  e i t h e r  one of  the  two p o p u l a t i o n s .  This  
p ro c e s s  i s  a dynamical ly  e v o lv in g  one and hence c a l l s  f o r  the  time of  
c l a s s i f i c a t i o n  as w e l l  as  the p r o b a b i l i t y  t h a t  a company w i l l  be 
r o u t e d  t o  one o r  the o t h e r  p o p u l a t i o n .  D is c r im in a n t  a n a l y s i s  
t e ch n iq u es  cannot  a d d re s s  e x p l i c i t l y  e i t h e r  one of  th e s e  two 
r e q u i r e m e n t s .  What has been done i n  most s t u d i e s ,  a s  an a l t e r n a t i v e ,  
i s  to  take  a sample of f a i l e d  companies one yea r  b e fo re  f a i l u r e  and a 
matched sample o f  h e a l th y  f i rm s  from the same time span ,  and c o n s t r u c t  
the d i s c r i m i n a n t  f u n c t i o n .  Then f o r  a company whose p r o f i l e  resembles
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the  p r o f i l e  of  the bankrup t  group ,  i t  i s  i n f e r r e d  t h a t  the company 
w i l l  f a i l  i n  one y e a r .  S i m i l a r l y ,  f o r  bankruptcy  i n f e r e n c e  in  k 
y e a r s ,  a sample of  bank rup t  f i rm s  k y e a r s  b e f o r e  f a i l u r e  i s  taken  and 
the  same in f e r e n c e  techn ique  i s  u sed .  E v i d e n t l y ,  the  time of  the 
e v e n t  does no t  e n t e r  the model e x p l i c i t l y .  However, the  s u c c e s s  of  
th e se  models i n  ex p o s t  d i s c r i m i n a t i o n  s u g g e s t s  t h a t  the f i n a n c i a l  
r a t i o s  do c o n t a in  in f o r m a t io n  u s e f u l  i n  de te rm in ing  the  c o n d i t i o n a l  
p r o b a b i l i t y  ( o r  t r a n s i t i o n  p r o b a b i l i t y )  t h a t  a company w i l l  move 'from 
a non-bankrup t  s t a t e  to a bank rup t  one .  Consequen t ly ,  the  t a s k  of  
t h i s  paper i s  to  e s t i m a t e  the s u r v i v o r  f u n c t i o n  of  c o r p o r a t i o n s  us ing  
such f i n a n c i a l  i n f o r m a t i o n .
D i s c r im in a t i o n  t e c h n iq u e s ,  a p a r t  from t h e i r  co n c e p tu a l  s h o r t ­
comings,  s u f f e r  from o t h e r  d i f f i c u l t i e s  i n  model im p lem en ta t io n .  In
g
summary th e s e  a r e :
1.  Lack of n o rm a l i t y  of  in dependen t  v a r i a b l e s  ( t h i s  w i l l  be 
expanded upon f u r t h e r  i n  the s e q u e l ) .
2 .  Unequal d i s p e r s i o n  m a t r i c e s  of  d i f f e r e n t  p o p u l a t i o n s .
3 .  E s t a b l i s h m e n t  o f  the c l a s s i f i c a t i o n  r u l e ,  which i s  
com pl ica ted  by the l a c k  o f  n o rm a l i t y  and i n a p p r o p r i a t e  
s e l e c t i o n  o f  a p r i o r i  p r o b a b i l i t i e s  and c o s t s  of  
m i s c l a s s i f i c a t i o n .
4.  Sampling problems of (a )  p o o l in g  da ta  a c r o s s  p e r i o d s ,  (b)  
dropping from the sample companies t h a t  do n o t  have d a t a  f o r  
s e v e r a l  y e a r s ,  ( c )  i g n o r i n g  companies t h a t  merged,  were 
a c q u i r e d ,  e t c .
5.  Ex p o s t  v a l i d a t i o n  of  the models  ( u s in g  contemporary  d a t a ) .
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1 .5  Models Baaed on the  Gambler ’ s  Ruin S t o c h a s t i c  P r o c e s s  (Wilcox 
1971,  1973,  1976)
From the  t h e o r e t i c a l  p o i n t  o f  v iew, t h i s  g roup  o f  models  deserve  
the  a t t e n t i o n  o f  the  r e a d e r .  The s t o c h a s t i c  p r o c e s s  i s  based  on the  
f o l l o w i n g  s im ple  s c e n a r i o .  A gam bler  e n t e r s  a game w i th  k d o l l a r s .  
At each  b e t  he e i t h e r  l o s e s  a d o l l a r  w i th  p r o b a b i l i t y  o f  p o r  wins one 
w i th  p r o b a b i l i t y  1 - p .  In  f i n a n c i a l  a p p l i c a t i o n s  the  f i r m  i s  viewed as 
a gamble r  t h a t  has k amount o f  " w o r th " .  Each y e a r  t h i s  " w o r th ” 
I n c r e a s e s  o r  d e c r e a s e s  by amount s w i th  p r o b a b i l i t y  o f  p o r  1 -p ,  
r e s p e c t i v e l y .
This  approach  a l s o  has  s e v e r a l  sh o r t c o m in g s :  (1 )  The t r a n s i t i o n  
p r o b a b i l i t y  p i s  c o n s i d e r e d  f i x e d ,  d e s p i t e  th e  f a c t  t h a t  i t  i s  
p ro b a b ly  a f u n c t i o n  o f  th e  s t a t e  o f  the  company and the  economy and 
(2 )  Each y e a r  th e  company's  w or th  can change by s d o l l a r s  o n l y .
Th i s  model i s  im p o r t a n t  beca use  i t  does a d d r e s s  the  dynamic 
n a t u r e  o f  a company's  e v o l u t i o n a r y  p r o c e s s .  The above s h o r tc o m in g s ,  
however,  make th e  model s u b j e c t  to  c r i t i c i s m s .  S c o t t  (1981} p <323 ) ,  
who compliments  the  model f o r  i t s  dynamic n a t u r e ,  s a y s  the  f o l l o w i n g :  
"The a t t e m p t s  to  a p p ly  t h i s  model have been d i s a p p o i n t i n g ,  p e rhaps  
because  the  v e r s i o n  o f  the  th e o ry  u sed  i s  too  s im p l e ,  assuming as 
i t  does t h a t  cash  f low s  r e s u l t  from a  s e r i e s  of  in d e p en d en t  
t r i a l s ,  w i t h o u t  the  b e n e f i t  o f  an i n t e r v e n i n g  management a c t i o n .  
Although th e  theo ry  s p e c i f i e d  a f u n c t i o n a l  form f o r  the 
p r o b a b i l i t y  o f  u l t i m a t e  r u i n ,  Wilcox found t h a t  t h i s  p r o b a b i l i t y  
was n o t  m ean ingfu l  e m p i r i c a l l y  . . .  N e v e r t h e l e s s  W i l c o x ' s  work i s
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n o t a b l e  as the  f i r s t  a t t e m p t  to  use e x p l i c i t  th e o ry  to p r e d i c t  
b a n k ru p tc y ."
This  model does have some n i c e  c h a r a c t e r i s t i c s .  I t  i s  des­
c r i p t i v e ,  y e t  s im p le .  Another u s e f u l  c h a r a c t e r i s t i c  i s  i t s  power to
p rov ide  p r o b a b i l i t i e s  f o r  the d i f f e r e n t  s t a t e s .
1.6 C o n d i t io n a l  P r o b a b i l i t y  Response Models
In  r e c e n t  y e a r s  a few s t u d i e s  have employed c o n d i t i o n a l  
p r o b a b i l i t y  r e sponse  models^ to  e s t i m a t e  the p r o b a b i l i t i e s  of  b u s in e s s  
f a i l u r e s .  C o rpo ra te  f a i l u r e  s t u d i e s  u s in g  such models in c lu d e  those  
by Ohlson (1980) ,  Zavgren (1982),  and White and T u r n b u l l ' s  (1975) 
u n pub l i she d  a n a l y s e s  of  the p r o b a b i l i t y  of  f a i l u r e  of  i n d u s t r i a l  
f i r m s .  C o n d i t io n a l  r e sponse  models  have a l s o  been used  by M ar t in  
(1977) to s tudy  the  p r o b a b i l i t y  of  bank f a i l u r e  and by Chesser  (1974) 
to  s tudy  commercial  lo a n  non-com pl iance .
Dichotomous (polytomous) c o n d i t i o n a l  p r o b a b i l i t y  re sponse  models  
a r e  used  to  r e l a t e  a s e t  of  a t t r i b u t e s  of  an i n d i v i d u a l  to the 
p r o b a b i l i t y  t h a t  the i n d i v i d u a l  w i l l  be a s s o c i a t e d  w i th  one of  two
( s e v e r a l )  m u tua l ly  e x c l u s i v e  s t a t e s ;  t h i s  a s s o c i a t i o n  i s  commonly
r e f e r r e d  to as the  observed  r e s p o n s e .  The most popu la r  models  i n  t h i s  
c l a s s  a r e  l o g i t  and p r o b i t .  The l o g i t  model i s  based  on the 
assumption  t h a t  the  g iven  e x p l a n a to r y  v a r i a b l e s  r e l a t e  to  the  re sponse  
a c c o rd in g  to  the l o g i s t i c  d i s t r i b u t i o n ,  whereas the p r o b i t  model 
assumes t h a t  t h i s  r e l a t i o n s h i p  f o l l o w s  the normal d i s t r i b u t i o n .
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A l t e r n a t e  model s p e c i f i c a t i o n s  a r i s e  by p o s t u l a t i n g  o t h e r  p r o b a b i l i t y  
d i s t r i b u t i o n s  f o r  the re sponse  v a r i a b l e ,  c o n d i t i o n a l  upon the observed  
c o v a r i a t e s .
The most  g e n e r a l  p rocedure  f o r  e s t i m a t i n g  the r e g r e s s i o n  
c o e f f i c i e n t s  o f  the c o v a r i a t e s  i n  the  re sponse  models  i s  t h a t  of  
maximum l i k e l i h o o d .  I f  the  d i s t r i b u t i o n a l  as sumptions  a r e  c o r r e c t ,  
the  e s t i m a t e d  r e g r e s s i o n  c o e f f i c i e n t s  a r e  a s y m p t o t i c a l l y  normal ly  
d i s t r i b u t e d  and they . en joy  the  a s s o c i a t e d  p r o p e r t i e s  of  maximum 
l i k e l i h o o d  e s t i m a t e s ;  namely,  c o n s i s t e n c y  and asym pto t ic  e f f i c i e n c y .
The major  advan tage  o f  the  re sponse  models over  those  of  
d i s c r i m i n a n t  a n a l y s i s  i s  t h a t  they  p rov ide  an e s t i m a t e  of  the 
p r o b a b i l i t y  o f  occu r ren c e  o f  a q u a l i t a t i v e  outcome ( r e s p o n s e )  based  on 
the obse rved  e x p l a n a to r y  v a r i a b l e s .  Consequen t ly ,  they a r e  n o t  
co n f in e d  to  a dichotomous (polytomous) p r e d i c t i o n .  D is c r im in a n t  
s c o r e s  can a l s o  be a s s o c i a t e d  w i th  p r o b a b i l i t i e s  of  o c c u r r e n c e ,  i f  the 
p o p u la t i o n s  o f  f a i l e d  and n o n - f a i l e d  companies a r e  assumed 
m u l t i v a r i a t e  normal w i th  r e s p e c t  to the in dependen t  v a r i a b l e s .  M ar t in  
(1977) d i s c u s s e s  some f i n d i n g s  i n  r e g a r d  to  the  q u a l i t y  of 
p r o b a b i l i t i e s  t h a t  can be p ro v id ed  by a v a r i a n t  o f  d i s c r i m i n a n t  
a n a l y s i s .  C o l l i n s  and Green (1982) p rov ided  s i m u l a t i o n  r e s u l t s  of  a 
compar ison between the  l o g i s t i c  model and the  d i s c r i m i n a n t  model .
Both d i s c r i m i n a n t  a n a l y s i s  models and the q u a l i t a t i v e  response
g
models p rov ide  l i t t l e  i n s i g h t  i n t o  the way the e x p l a n a to r y  v a r i a b l e s  
a f f e c t  the s u r v i v a l  of  i n d i v i d u a l s  over  t ime .  The r e d u c t i o n  o f  a 
s t a t e  s p a c e ,  however, to  a b in a ry  r e sponse  i s  u s e f u l  when the s u r v i v a l  
of  each i n d i v i d u a l  is"  e a s i l y  c l a s s i f i e d  as e i t h e r  very  s h o r t  or  very
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long  [Cox and Oakes ( 1 9 8 4 ) , p .  6 ] .
1 .7  Evidence  o f  Lack o f  N orm al i ty
One of  the  problem s w i th  the  d i s c r i m i n a n t  a n a l y s i s  s t u d i e s  i s  the 
a s su m p t io n  t h a t  the  d i s t r i b u t i o n  o f  i n d e p e n d e n t  v a r i a b l e s  i s  
m u l t i v a r i a t e  normal .  To quo te  E i s e n b e l s  (1977 ,  p .  875 ) :
" I n  p r a c t i c e ,  d e v i a t i o n s  from th e  n o r m a l i t y  a s s u m p t io n ,  a t  l e a s t  
i n  Economics and F i n a n c e ,  a p p e a r  more l i k e l y  to  be the  r u l e  r a t h e r  
th a n  th e  e x c e p t i o n . ”
Th i s  q u a l i t a t i v e  s t a t e m e n t  has  been q u a n t i t a t i v e l y  s u b s t a n t i a t e d  by 
Deakln (1976) who s t u d i e d  e l e v e n  r a t i o s  from a s s e t  t u r n o v e r ,  l i q u i d  
a s s e t  and deb t  e q u i t y  g r o u p s .  He found  t h a t  the  d i s t r i b u t i o n  o f  ten  
o u t  o f  t h e s e  e l e v e n  r a t i o s  were s i g n i f i c a n t l y  d i f f e r e n t  from the  
no rm al .  Even s q u a re  r o o t  o r  lognorm al  t r a n s f o r m a t i o n s  f a i l e d  to 
app rox im ate  n o r m a l i t y  i n  the  m a j o r i t y  o f  r a t i o s .  A nother  s tu d y  by 
Lachenbruch ,  S n e e r i n g e r  and Revo (1973)  i n v e s t i g a t e d  the  r o b u s t n e s s  of  
b o th  l i n e a r  and q u a d r a t i c  c l a s s i f i c a t i o n  p r o c e d u r e s  f o r  lo g n o rm a l ,  
l o g i t  normal and I n v e r s e  h y p e r b o l i c  s i n e  normal d i s t r i b u t i o n s .  The 
a u t h o r s  conc luded  t h a t  the  s t a n d a r d  l i n e a r  p r o c e d u r e s  may be q u i t e  
s e n s i t i v e  to  l a c k  o f  m u l t i v a r i a t e  n o r m a l i t y .  In  a d d i t i o n ,  they  found 
t h a t  a t t e m p t s  to  c o r r e c t  f o r  I n e q u a l i t y  o f  d i s p e r s i o n  m a t r i c e s  by 
u s i n g  q u a d r a t i c  c l a s s i f i c a t i o n  t e c h n iq u e s  d id  n o t  s i g n i f i c a n t l y  
improve the  r e s u l t s ,  and i n  many c a s e s  even made them w orse .  The 
l a t t e r  phenomenon i s  obse rved  i n  the  Altman e t  a l  (1977) s tu d y ,  where 
th e  a u t h o r s  u sed  a q u a d r a t i c  d i s c r i m i n a n t  f u n c t i o n  and obse rved  lower
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c l a s s i f i c a t i o n  a c c u ra c y .
V i o l a t i o n  of  the n o rm a l i t y  assumption  may b i a s  the t e s t s  of 
s i g n i f i c a n c e  of  the in dependen t  v a r i a b l e s ,  the  e s t a b l i s h m e n t  of  
c l a s s i f i c a t i o n  r u l e s ,  and the e s t i m a t e s  o f  the e r r o r  r a t e s  [ E i s e n b e i s  
( 1 9 7 7 ) ] .  In  a d d i t i o n ,  i f  the l i n e a r  d i s c r i m i n a n t  inde x  i s  viewed as  
the p e r c e n t i l e  from the normal d i s t r i b u t i o n  which d e s c r ib e s  the 
p r o b a b i l i t y  o f  f a i l u r e ,  then t h i s  becomes n o n - d e s c r i p t i v e  a s  the 
u n d e r ly in g  d i s t r i b u t i o n  d e v i a t e s  from n o r m a l i t y .
C H A P T E R  I I
2.  PURPOSE AND METHODOLOGY OF THIS DISSERTATION 
2 .1 ,  D e f i n i t i o n  o f  Hazard
The purpose of  t h i s  d i s s e r t a t i o n  i s  to  model the f a i l u r e  
d i s t r i b u t i o n  over  f i v e  y e a r s  o f  n o n - f i n a n c i a l , p u b l i c l y  t r a d e d  
m a nufa c tu r ing  and r e t a i l  f i r m s ,  c o n d i t i o n a l  upon t h e i r  f i n a n c i a l  
c h a r a c t e r i s t i c s .  The pursued  model p ro v id e s  the p r o b a b i l i t y  t h a t  a 
p a r t i c u l a r  company of c e r t a i n  f i n a n c i a l  c h a r a c t e r i s t i c s  w i l l  s u rv iv e  
f o r  a c e r t a i n  number of  y e a r s  i n t o  the f u t u r e .
The modeling i s  done i n  the  c o n t e x t  o f  s u r v i v a l  a n a l y s i s  
r e g r e s s i o n  mode ls .  These models can be implemented i n  p a r a m e t r i c  or  
s e m i -p a ra m e t r i c  modes. The e x i s t i n g  l a c k  of  knowledge about  the 
d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  of  the u n d e r ly in g  c o r p o r a t e  f a i l u r e  
r a t e  in  c o n j u n c t io n  w i th  the smal l  number of  re s p o n s es  ( f a i l u r e s )  
makes the semi—p a ra m e t r i c  v e r s i o n  a very  u s e f u l  t o o l .  S em i-param etr ic  
s u r v i v a l  a n a l y s i s  te chn iques  a r e  r a t h e r  r e c e n t l y  developed and have 
commanded g r e a t  a t t e n t i o n  i n  a p p l i c a t i o n s  in  r e l i a b i l i t y  and 
m e d ic ine .  R ecen t ly  they have been a p p l i e d  to b u s in e s s  problems such 
as modeling payments by i n s u r a n c e  companies (L e a v i t  and Olsen,  1974),  
as  w e l l  as  in  o t h e r  ca se s  where the  v a r i a b l e  to  be modeled assumes 
p o s i t i v e  n o n -d e c re a s in g  v a l u e s  ( e . g .  t ime,  a b i l i t y ,  e t c . ) .
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One o f  the d i f f e r e n c e s  between s u r v i v a l  a n a l y s e s  and o t h e r  
s t a t i s t i c a l  te ch n iq u es  i s  t h e i r  a b i l i t y  to hand le  censo red  
o b s e r v a t i o n s ,  t h a t  i s ,  those  f i rm s  which drop o u t  o f  the  s tudy  due to  
some cause  o t h e r  than b u s in e s s  f a i l u r e .  Th is  p a r t i c u l a r  phenomenon 
( c e n s o r i n g )  i s  p r e s e n t  i n  modeling the l i f e  d i s t r i b u t i o n  o f  f i rm s  
s in c e  we cannot  observe  a l l  f i rm s  u n t i l  they d ie ;  i t  i s  a l s o  p r e s e n t  
i n  c a se s  where f i rm s  l i v e  up to  a c e r t a i n  time and then  they a r e  
a c q u i r e d  by o r  merge w i th  a n o th e r  company. This  a b i l i t y  to  handle  
c e n s o r in g  a l low s  f o r  the u t i l i z a t i o n  of  i n f o r m a t io n  up to the p o i n t  
where the company changes i d e n t i t y  or  u n t i l  the end o f  the time p e r io d  
under  s tu d y .
In the s u r v i v a l  a n a l y s i s  c o n t e x t  the main concern  i s  to model the 
h a z a rd  r a t e ;  one can then  use t h i s  r a t e  to  form the  s u r v i v o r  
f u n c t i o n .  The haza rd  r a t e  i s  d e f in e d  as :
where T i s  a con t inuous  random v a r i a b l e  r e p r e s e n t i n g  the f a i l u r e  time 
and t  i s  a c e r t a i n  time v a l u e .
The above haza rd  p ro v id es  the  f a i l u r e  r a t e ,  p e r  u n i t  o f  t ime,  
which i s  e x p e r i e n c e d  i n  p e r io d  ( t ,  t  + A t )  o f  a l l  companies t h a t  
s u rv iv e d  up to time t .  In  human l i f e  d i s t r i b u t i o n s ,  the haza rd  r a t e  
i s  the age s p e c i f i c  m o r t a l i t y  r a t e .
Def ined  as above f o r  the con t in u o u s  c a s e ,  the h a z a rd  i n  terms of  
the p . d . f .  and c - d . f .  i s :
h ( t )  = 11m
A t  + 0
P ( t  < T < t  + At: I T > t )
A t i ( 1 )
h ( t )  = f ( t ) / ( l - F ( t ) ) , ( 2 )
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where f  i s  the p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p . d . f . )  o f  T and F i s  the  
cummulative d i s t r i b u t i o n  f u n c t i o n  ( c . d . f . ) .
For the  d i s c r e t e  c a s e ,  the  haza rd  i s  d e f in e d  as
h = P(T=Xj/T  > X j) ,
where Xj  i s  the j t h  time a t  which the p ro c e s s  can be obse rved .
The s u r v i v a l  f u n c t i o n  ( t h e  p r o b a b i l i t y  t h a t  an i n d i v i d u a l  w i l l  
l i v e  beyond time t )  i s  g iven  by
S ( t )  = e x p [ - /  t  h(u)du]  and S ( t )  = t ( l “ h ( u ) ) ,
° u < t
f o r  the  c o n t in u o u s  and d i s c r e t e  c a s e ,  r e s p e c t i v e l y .
The p r o p o r t i o n a l  haza rd  ( r e g r e s s i o n )  model i n t r o d u c e d  by Cox
(1972) assumes the fo l lo w in g  haza rd
h ( t )  = k (3 » z )h o( t ) ,  (3)
where _£ i s  the  v e c t o r  c o n t a in in g  the concom itan t  i n f o r m a t io n  and hD( t )  
i s  the hazard  f u n c t i o n  o f  the  '’average"  i n d i v i d u a l  hav ing _z=0. The 
f u n c t i o n  k can be any p o s i t i v e l y  v a lued  f u n c t i o n .  The most  popu la r  
one u ses  k ( B ' z )  = exp( B 'z )  where 8 i s  th e  v e c t o r  o f  the  r e g r e s s i o n  
c o e f f i c i e n t s .  The base l i n e  haza rd  f u n c t i o n  hQ does n o t  need to be 
s p e c i f i e d  o r  e s t i m a t e d  u n t i l  a f t e r  the  r e g r e s s i o n  c o e f f i c i e n t s  have 
been e s t i m a t e d  ( K a l b f l e i s h  and P r e n t i c e  1980, p .  8 4 ) .  The r e g r e s s i o n  
c o e f f i c i e n t s  a re  e s t i m a t e d  u s in g  n o n - l i n e a r  o p t i m i z a t i o n  t e ch n iq u es  
and they a r e  a s y m p t o t i c a l l y  normal ly  d i s t r i b u t e d  when _z i s  n o t  time 
dependent .
Using the p r o p o r t i o n a l  haza rd  model ,  a s  in  formula  ( 3 ) ,  the
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fo l lo w in g  two assumptions  a r e  made:
1) Any company can f a i l  due to e x t e r n a l  r e a s o n s ,  such as market  
o r  economic c o n d i t i o n s ,  o r  due to  o t h e r  pa ram ete rs  t h a t  a r e  
n o t  in c lu d e d  e x p l i c i t l y  i n  the v e c t o r  of  the  concomitant  
i n f o r m a t io n .
2) The f u n c t i o n  of  concom itan t  in f o r m a t io n  k ( P ' z )  a f f e c t s  the 
h aza rd  i n  a m u l t i p l i c a t i v e  way.
I f  the a c t u a l  f a i l u r e  d i s t r i b u t i o n  i s  W eibu l l ,  then  use of  the 
p r o p o r t i o n a l  haza rd  f u n c t i o n  a l lo w s  f o r  an a l t e r n a t i v e  assumption
g
re g a rd i n g  the way t h a t  the f u n c t i o n  k ( B ' z 2  = e x p ( g ' z )  a f f e c t s  the 
f a i l u r e  r a t e .  In p a r t i c u l a r  the  a l t e r n a t i v e  as sumption  i s  t h a t  of  an 
a c c e l e r a t e d  l i f e  s c e n a r i o  whereby the f u n c t i o n  k ( B ' z )  ^  i s  viewed to 
a f f e c t  m u l t l p l i c a t i v e l y  the  time to  f a i l u r e  r a t h e r  than  the h a z a rd ,  
i . e .  = k(J3'z)T where i s  the obse rved  f a i l u r e  time and T i s  the 
f a i l u r e  time of  an i n d i v i d u a l  w i th  z_ = 0.  The s i g n i f i c a n c e  o f  t h i s  i s  
t h a t  the p r o p o r t i o n a l  h a z a rd  model i s  a p p r o p r i a t e  under  bo th  the 
as sumptions  of  a c c e l e r a t e d  l i f e  and the  above p r o p o r t i o n a l i t y  
a s su m p t io n s ,  when the a c t u a l  f a i l u r e  d i s t r i b u t i o n  o f  the i n d i v i d u a l  
w i th  _£ = 0 i s  W eibu l l .  Th is  l a t t e r  p r o p e r ty  makes the p r o p o r t i o n a l  
haza rd  model r o b u s t  e s p e c i a l l y  i n  view o f  the wide a p p l i c a b i l i t y  of  
the  Weibul l  d i s t r i b u t i o n  to l i f e  d a t a .
2 .2  Model Convent ions
In  view o f  the c o m p l ica ted  n a t u r e  o f  the bankrup tcy  p r o c e s s ,  
c e r t a i n  p ragm at ic  c o n v e n t io n s ,  as  e x p l a in e d  below, have to  made i n
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o r d e r  to  a s s u r e  a m a th e m a t ic a l ly  t r a c t a b l e  form f o r  the s u r v i v o r  
f u n c t i o n  to be e s t i m a t e d .
The dynamics o f  the  bankruptcy  p ro c e s s  can be summarized by the 
fo l l o w in g  t r a n s i t i o n  g rap h .
P e r io d  k+1 P e r io d  k+2 P e r i o d  k+3
2k * d< V - k + 1 d ( t k + l J e t c .
Economy Economy
- k + 1 - k + 2
( 1 )  + ( 1 )
bankrup tcy bankrup tcy
Management c o n f ro n te d  w i th  the  a t t r i b u t e  s t a t e  of  the company 
makes d e c i s i o n s  d ( t ^ )  a t  t ime t^.. The d e c i s i o n s  d( t^ )  t o g e th e r  w i th  
the  s t a t e  z^ of  the company a r e  t r a n s l a t e d  th rough the  s t o c h a s t i c  
f i l t e r  "economy” i n t o  the new a t t r i b u t e  s t a t e  z^+i* which in  i t s  t u r n  
may l e a d  to a b ank rup t  o r  a non -bankrup t  c o n d i t i o n .  I f  the company 
remains s o l v e n t ,  the p ro c e s s  r e p e a t s  i t s e l f .  For  t h e o r e t i c a l  r e a s o n s ,
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i t  would be d e s i r a b l e  to d e f in e  the s t a t e  i n fo rm a t io n  z^ in  a way t h a t  
i t  would d e p i c t  the a c t u a l  e v o l u t i o n a r y  mechanism o f  the  above dynamic 
p r o c e s s .  Such a r e p r e s e n t a t i o n ,  however, i s  obscured  by the fo l low ing  
condi  t i o n s ;
1) The a v a i l a b l e  i n f o r m a t io n  on the  companies i s  based  on
acc o u n t in g  d a t a ,  n o t  on economic v a r i a b l e s .
2)  F a i l u r e  i s  n o t  determined  only  by the a t t r i b u t e s  z^ of  a
company. In  most c a s e s ,  the f a i l u r e  o f  a company i s
de term ined  on the b a s i s  of  i t s  f u t u r e  cash  f low p o t e n t i a l ,
g iv e n  i t s  f i n a n c i a l  a t t r i b u t e s  and o t h e r  c o n d i t i o n s  o f  the 
b u s in e s s  envi ronment e x t e r n a l  to the company. The f i n a l  
d e t e r m in a t io n  of  a bankrup tcy  c o n d i t i o n  i s  u s u a l l y  a s u b j e c t  
o f  a c o u r t  d e c i s i o n .
Consequen t ly ,  d e f i n i n g  the s t a t e  In fo rm a t io n  z, i n  a way t h a tK
d e p i c t s  a c t u a l  t r a n s i t i o n s  from one a t t r i b u t e  s t a t e  to  a n o th e r  
p robab ly  would no t  p rov ide  a means o f  p r e d i c t i n g  bankruptcy  in  a 
pars im on ious  and f u n c t i o n a l  manner. Wilcox (1971 ) ,  who used  
acc o u n t in g  In fo rm a t io n  to d e f in e  the s t a t e  o f  a company in  a way which 
u n iq u e ly  d e p i c t e d  f a i l u r e / s u r v i v a l ,  found h i s  r e s u l t s  d i s a p p o i n t i n g .  
Due to  l a c k  o f  d a t a ,  he cou ld  no t  c o n s t r u c t  h i s  s t a t e  v a r i a b l e  f o r  
many companies;  f u r th e r m o r e ,  companies t h a t  were a l i v e  a t  the time of  
the da ta  c o l l e c t i o n  were found to  be d e p i c te d  as f a i l e d  acc o rd in g  to 
h i s  c o n s t r u c t e d  v a r i a b l e .  Following the above ,  the conven t ion  to use 
f i n a n c i a l  r a t i o s  based  on acc o u n t in g  da ta  i s  made i n  t h i s  
d i s s e r t a t i o n .
The second conven t ion  to  be d i s c u s s e d  i s  t h a t  of  how to use the
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concom itan t  i n f o r m a t io n  Zj ag reed  above to be f i n a n c i a l  r a t i o s ,  in  the  
e s t i m a t i o n  of  the s u r v i v o r  f u n c t i o n .  There a r e  two p o s s i b i l i t i e s :
1) Define the haza rd  to  be
h ( t )  = h ( z ( t ) , t ) ,
i n  which case  the concom itan t  i n f o r m a t io n  i s  t r e a t e d  as time 
dependen t ,  o r
2) Def ine the haza rd  r a t e  to  be
h ( t )  -  h ( z k , t ) ,
where k i s  t ime of  o b s e r v a t i o n ,  i n  which c a s e  the concom itan t  i n f o r ­
mation I s  t r e a t e d  as  f i x e d  over  the  p e r io d  o f  the s tu d y .
Fol lowing the d e f i n i t i o n  of  the s u r v i v o r  f u n c t i o n :
t
S ( t o ) = exp [ -  J o°  h ( t ) d t ]
and t r e a t i n g  z as  t ime dependent  r e q u i r e s  the modeling o f  the
m u l t i v a r i a b l e  s t o c h a s t i c  p ro cess  o f  z ,  which i s  a l s o  n o n - s t a t i o n a r y ,
assuming changing p e r t i n e n t  economic c o n d i t i o n s .
In  l i g h t  of  the d i f f i c u l t y  in  modeling t h i s  p ro cess  us ing
s u r r o g a t e  acc o u n t in g  i n f o r m a t i o n ,  i t  i s  assumed t h a t  observed
In f o rm a t io n  z, a t  time k i s  th e  b e s t  e s t i m a t e  f o r  the concomitant  -k
in f o r m a t io n  z v a l u e s  over the p e r io d  o f  s t u d y . ^  This  assumpt ion 
l e a d s  to  the conven t ion  o f  t r e a t i n g  concom itan t  in f o r m a t io n  as f i x e d ,  
which a l lows  the  e s t i m a t i o n  o f  the p r o b a b i l i t y  t h a t  a company 
w i th  c h a r a c t e r i s t i c s  z^ a t  time k w i l l  s u r v iv e  f o r  more than t Q y e a r s  
i n  the f u t u r e ,  w i th o u t  having to  model the s t o c h a s t i c  p rocess
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of z .  I t  w i l l  be shown in  the seque l  t h a t  having  made t h i s  assumption  
does n o t  appear to r e n d e r  the f i t t e d  p r o p o r t i o n a l  haza rds  model 
i n a p p r o p r i a t e .
2 .3  Mathemat ica l  D e t a i l s  o f  the Model
The p r o p o r t i o n a l  haza rds  model o f  Cox (1972)  d e f in e s  the haza rd  
i n  the fo l low ing  form
h ( t , z  ) = exp ( 3 ' z )  hQ( t )
t
where:  & i s  the v e c t o r  o f  unknown r e g r e s s i o n  c o e f f i c i e n t s ,
t  i s  the t ime,
hQ( t )  i s  the  haza rd  of  an i n d i v i d u a l  w i th  z = 0  a t  t ime t ,
and z i s  the  v e c t o r  o f  c o v a r i a t e s .
There a r e  two assumpt ions  t h a t  a r e  p e c u l i a r  to t h i s  haza rd  model:
1) The e f f e c t  o f  the  c o v a r i a t e  v e c t o r  z on the haza rd  i s  g iven  
by the f u n c t i o n  e x p ( P ' z ) .
2)  T h i s  f u n c t i o n  e x p ( 3 ’ z) o p e r a t e s  on the u n d e r ly in g  hazard
hQ( t )  m u l t i p l i c a t i v e l y  ( t h e  p r o p o r t i o n a l i t y  a ssumpt ion)  to 
p rov ide  the haza rd  of  the I n d i v i d u a l  w i th  c h a r a c t e r i s t i c s  z.
A co n v en ien t  f e a t u r e  o f  t h i s  model i s  t h a t  the u n d e r ly in g  haza rd
hQ( t )  does n o t  need to be s p e c i f i e d  in  any p a ra m e t r i c  form.
The above two assumpt ions  have the i m p l i c a t i o n  t h a t  the r e l a t i v e  
r i s k  of  two i n d i v i d u a l s  w i th  c h a r a c t e r i s t i c s  z^ and i s  g ive n  by the 
r a t i o  o f  e x p ( S , z 1) and exp (& 'z 2 ) .  Moreover,  t h i s  r e l a t i v e  r i s k  does 
n o t  depend on time when z^ and Z2  a r e  n o t  time dependen t .  Any
dependence o f  the haza rd  on time i s  assumed to  be th rough  the
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u n d e r ly i n g  b a s e l i n e  h a z a rd .  In  the p a r t i c u l a r  s c e n a r i o  of
b a n k r u p t c i e s ,  t h i s  t r a n s l a t e s  i n t o  say ing  t h a t  the  economic and market  
c o n d i t i o n s  do n o t  a f f e c t  the r e l a t i v e  r i s k  between two companies ,  t h i s  
r i s k  be ing  a f f e c t e d  only by t h e i r  c h a r a c t e r i s t i c s .  The company 
s p e c i f i c  r i s k  ( h a z a r d ) ,  however,  i s  assumed to be a f f e c t e d  by economic 
and marke t  c o n d i t i o n s  th rough  the b a s e l i n e  h a z a rd  f u n c t i o n .
The r e g r e s s i o n  c o e f f i c i e n t s  a r e  e s t i m a t e d  by maximizing the
p a r t i a l  l i k e l i h o o d  as  f o l l o w s .  Le t  t 1  < t 2  < • • • < t R be k d i s t i n c t
t imes  when dea ths  were o bse rved .  Assuming one dea th  p e r  i n s t a n c e ,  the
c o n d i t i o n a l  p r o b a b i l i t y  t h a t  an i n d i v i d u a l  w i th
c h a r a c t e r i s t i c s  z^ d ie s  a t  time t ^ ,  g iven  t h a t  a t  t ime ^  t h e re  were
12i n d i v i d u a l s  a t  r i s k ,  i s  the r a t i o  o f  the h a z a rd s :
e x p ( | ' z  ) /  | R exp(B ' z ) .
J i  J
M u l t i p ly in g  th e s e  p r o b a b i l i t i e s  over  the k f a i l u r e  tiroes g iv e s  the 
p a r t i a l  l i k e l i h o o d  (Cox, 1975):
k
L ( 6 ) = n { (e x p (B 'z  ) / [  E exp ( S ' z  ) ] } .  
i = l  jeR,  ~ 3
Maximization of  t h i s  p a r t i a l  l i k e l i h o o d  f u n c t i o n  l e a d s  to  maximum 
l i k e l i h o o d  e s t i m a t o r s  o f  the r e g r e s s i o n  c o e f f i c i e n t s  P, which have the 
p r o p e r t y  o f  a sy m p to t i c  n o rm a l i t y  when the  c o v a r i a t e s  a r e  no t  time 
dependent  [ ( M i l l e r  (1981,  p .  132) ;  T s i a t i s  ( 1 9 8 1 ) ] .  When th e re  a re  
t i e s  among the  dea th  t imes  the maximized p a r t i a l  l i k e l i h o o d  i s  
m o d i f ied  as s u g g e s te d  by Breslow (1974) :
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L({3) = H { e x p ( g ' s . ) / [ l  e x p / g ' z . ) ]  ™i} , 
i= l  jeR* “3
where m̂  i s  the number of  dea ths  a t  t£ and s^ i s  the  v e c t o r  sum of  the
v a r i a b l e s  o f  the m̂  e x p i r e d  i n d i v i d u a l s .
2 .4  Sample C o n s id e r a t i o n s
In most bankrup tcy  d i s c r i m i n a t i o n  s t u d i e s ,  because  of  the smal l  
number o f  c o r p o r a t e  f a i l u r e s ,  a r e t r o s p e c t i v e  sampl ing  p rocedu re  i s  
fo l lo w ed .  Bankrupt  companies from d i f f e r e n t  time p e r io d s  a r e  pooled  
t o g e t h e r ,  t h e i r  f i n a n c i a l  c h a r a c t e r i s t i c s  a r e  r e c o rd e d  one o r  two 
y e a r s  b e fo re  the  f a i l u r e  and a c e r t a i n  model i s  f i t t e d .
To what e x t e n t  t h i s  r e t r o s p e c t i v e  sampling i n t e r f e r e s  w i th  the 
e s t i m a t i o n  of  the  d i f f e r e n t  models  i s  n o t  known. P oo l ing  o b s e r v a t i o n s
over  d i f f e r e n t  t ime p e r io d s  can p r e s e n t  a problem i f  the r e l a t i o n s h i p
among the  e x p l a n a to r y  v a r i a b l e s  i s  n o t  s t a t i o n a r y  o r ,  i f  the 
u n d e r ly i n g  f a i l u r e  r a t e  a n d / o r  the economic s i g n i f i c a n c e  o f  p a r t i c u l a r  
e x p l a n a to r y  v a r i a b l e s  v a r i e s  over t ime.  Johnson (1970) ,  E i s e n b e i s  
(1977) ,  Altman and E i s e n b e i s  (1978 ) ,  and Altman (1981,  p .  259) have 
d i s c u s s e d  t h i s  p o t e n t i a l  n o n - s t a t i o n a r i t y  problem.  In  the seque l  a 
p r o s p e c t i v e  sampl ing  p rocedure  i s  d e s c r ib e d  which i s  more n a t u r a l l y  
s u i t e d  to the  da ta  under c o n s i d e r a t i o n ,  and which can be accommodated
by the  Cox model employed i n  t h i s  s t u d y .
In  the s u r v i v a l  a n a l y s i s  c o n t e x t ,  i n  o r d e r  to des ign  the sample,  
one has  to  d e f in e  how the  time to f a i l u r e  i s  measured.  For t h i s ,  
t h r e e  measurement a t t r i b u t e s  have to  be ag reed  upon: ( a )  the time
o r i g i n  when an i n d i v i d u a l  e n t e r s  the s tu d y ,  (b)  a s c a l e  of  measur ing
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the passage  o f  t ime ,  and (c )  what c o n s t i t u t e s  f a i l u r e .
( a )  The time o r i g i n . A major  c o n s i d e r a t i o n  i n  de te rm in ing  the  time 
o r i g i n  i s  t h a t  a s p e c i f i c  v a lu e  o f  an e x p l a n a to r y  v a r i a b l e ,  o t h e r  
c o n d i t i o n s  be ing  eq u a l ,  shou ld  have a comparable im pac t  on the f a i l u r e  
time a c r o s s  i n d i v i d u a l s  i n  the s tu d y .  This  c o n d i t i o n  may be v i o l a t e d  
i f  o b s e r v a t i o n s  a r e  pooled  over  d i f f e r e n t  p e r i o d s ,  s i n c e  c e r t a i n  
f i n a n c i a l  c h a r a c t e r i s t i c s  might  have d i f f e r e n t  e f f e c t  on f a i l u r e  a t  
d i f f e r e n t  c a l e n d a r  t im es .  Another c o n s i d e r a t i o n  i n  de te rm in ing  the
o r i g i n  i s  to keep the u n d e r ly i n g  s t r e s s  c o n d i t i o n s ,  which a r e  n o t  
accoun ted  f o r  by the c o v a r i a t e s ,  s i m i l a r  f o r  a l l  i n d i v i d u a l s  i n  the
p o p u l a t i o n  of  s t u d y .  Accord ing to Cox and Oakes (1984,  p . 4 ) :
" I t  i s  . . . d e s i r a b l e  t h a t ,  s u b j e c t  to any known d i f f e r e n c e s  on 
e x p l a n a to r y  v a r i a b l e s ,  a l l  i n d i v i d u a l s  shou ld  be as comparable as  
p o s s i b l e  a t  t h e i r  time o r i g i n . . . " .
In  o rd e r  to  accommodate the above p re m is e s ,  a l l  samples used  i n  
t h i s  s tudy  were taken so t h a t  a l l  f i rm s  i n  a sample had t h e i r  
a t t r i b u t e s  r e c o rd e d  i n  the  same c a l e n d a r  y e a r .  Thus,  the o r i g i n  of  
e n t r y  f o r  a l l  companies i n  a sample was the  same randomly s e l e c t e d
c a l e n d a r  y e a r .
(b)  U n i t  of  measurement. For each company i n  the sample,  the  time in  
the s tudy  was d e f in e d  to be the t im e ,  i n  months,  between the month of  
the f i s c a l  y e a r  end ( i n  the y ea r  of  e n t r y )  and the  t ime,  d e f in e d  by 
month and y e a r ,  when the  company f a i l e d  o r  the t ime when i t  was
ce n s o re d .  Month was chosen as  the  u n i t  of  measurement i n  o rd e r  to 
minimize t i e s  among the  f a i l u r e  t im e s ,  which can p r e s e n t  a 
co m p u ta t io n a l  d i f f i c u l t y  when e s t i m a t i n g  the  r e g r e s s i o n
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c o e f f i c i e n t s .  A smal l  number of  t i e s  does n o t  c r e a t e  any major  
problems [Breslow (1 9 7 4 ) ] .
( c )  D e f i n i t i o n  o f  f a i l u r e .  A company was d e f in e d  as f a i l e d  when i t  
e n t e r e d  bankrup tc y  p ro cee d in g s  under  Chapter  X, XI,  11 o r  when a 
l i q u i d a t i o n  was announced.  The in fo rm a t io n  on f a i l u r e  was o b t a in e d  
from the Compustat Research f i l e s ,  the  Wall S t r e e t  J o u r n a l  Index ,  and 
the S and F Index of  Corpora te  Changes.
2 .5  P r o s p e c t i v e  Samples
Three samples ,  ex ten d in g  over  f i v e  y e a r s  each ,  were a n a ly z e d ,  
s t a r t i n g  w i th  e n t r y  y e a r s  1973, 1975 and 1977, r e s p e c t i v e l y .  In  o rd e r  
to c o n s t r u c t  a sample,  a c a l e n d a r  y e a r  was s e l e c t e d ,  h e r e a f t e r  c a l l e d  
the e n t r y  y e a r ,  and the  e x p l a n a to r y  v a r i a b l e s  o f  a l l  m anufac tu r ing  and 
r e t a i l  companies t h a t  had adequa te  i n f o r m a t io n  i n  t h i s  y ea r  were
r e c o r d e d .  The companies i n  the sample were t r a c e d  f o r  f a i l u r e
p r o s p e c t i v e l y  f o r  the fo l l o w in g  f i v e  y e a r s .  Companies t h a t  were a l i v e  
a t  the end o f  the sample p e r i o d  were censored  a t  the end of  f i v e
y e a r s ;  those  t h a t  were l o s t  to fo l lo w  up b e f o r e  the end ,  due to 
rea s o n s  o t h e r  than f a i l u r e ,  were censo red  a t  the time o f  l o s s .  For 
each company, the time on the s tu d y ,  d e f in e d  to be the t ime between 
the e n t r y  and the time o f  f a i l u r e  or  c e n s o r s h i p ,  was a l s o  r e c o rd e d .  
Then the v a lu e s  of  the e x p la n a to ry  v a r i a b l e s  from the e n t r y  y ea r  were 
used  as  c o v a r l a t e s  to  model the  haza rd  f u n c t i o n .  The model w i th  the 
same v a r i a b l e s  was e s t i m a t e d  over  the t h r e e  samples s t a r t i n g  w i th  the 
y e a r s  1973,  1975 and 1977 i n  o r d e r  to  examine the changes o f  the
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r e g r e s s i o n  c o e f f i c i e n t  over t ime.  The samples were taken  two y e a r s  
a p a r t ,  assuming t h a t  the model would be upda ted  every  o t h e r  y e a r .
Each sample co n ta in e d  app rox im a te ly  1,400 m anufac tu r ing  and 
r e t a i l  companies,  i n c l u d i n g  2-3 p e r c e n t  f a i l e d  e n t i t i e s .  The 
in f o r m a t io n  f o r  the  e x p l a n a to r y  v a r i a b l e s  was taken  from the P r imary-  
S u p p le m e n ta ry -T e r t i a ry  I n d u s t r i a l  Annual and Research Compustat f i l e s  
of  1982.
This  p r o s p e c t i v e  sampl ing  p la n  has c e r t a i n  d e s i r a b l e  f e a t u r e s ,  
both  i n  terms of  th e o ry  and i n  terms o f  p r a c t i c e .  In p a r t i c u l a r ,  one 
of  the major b e n e f i t s  of  a d op t ing  t h i s  p l a n  i s  t h a t  i t  a l lo w s  the 
e s t i m a t i o n  of  the u n d e r ly i n g  f a i l u r e  r a t e ;  t h i s  would have n o t  been 
p o s s i b l e  had o b s e r v a t i o n s  been pooled  over d i f f e r e n t  time p e r io d s  on a 
non-random b a s i s .  Another b e n e f i t  o f  t h i s  p la n  i s  t h a t  i t  p ro v id e s  a 
means of  t a k in g  a sample which i s  un i fo rm ly  c l o s e r  to a f u t u r e  p e r io d  
o f  i n f e r e n c e .  The l a t t e r  would be b e n e f i c i a l ,  even under  the  
u n d e s i r a b l e  s c e n a r i o  i n  which the impact  of  the c o v a r i a t e s  changes 
over  time acc o rd in g  to  some t r e n d .  In such a c a s e ,  a more r e c e n t  
o b s e r v a t i o n  of  the changes would be advantageous  i n  the sense  of  
be ing  more up to d a t e .  Altman (1983 p .  125 ) ,  r e a l i z i n g  the b e n e f i t  of  
having  da ta  more r e p r e s e n t a t i v e  of  the b u s in e s s  envi ronment,  makes the 
fo l lo w in g  comment on h i s  1968 Z -sco re  model:
" I d e a l l y ,  we would l i k e  to  develop a bankrup tc y  p r e d i c t i o n  model 
u t i l i z i n g  a homogenous group o f  bank rup t  companies and da ta  as  
n e a r  to  the p r e s e n t  as  p o s s i b l e . "
Observing the e x p l a n a to r y  v a r i a b l e s  i n  the same y e a r  a l s o  
f a c i l i t a t e s  the c o l l e c t i o n  of  da ta  i n  l i g h t  of  changing acc o u n t in g
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p r a c t i c e s ,  th e reby  making the  model easy to u p d a t e .  I t  a l s o  makes i t  
p o s s i b l e  to compare the company s p e c i f i c  c o v a r i a t e s  to the average  
v a lu e s  of  the same c o v a r i a t e s  i n  the sample.
Arguing in  the f a v o r  of  the above sampl ing  p l a n ,  one can a l s o  
p o i n t  o u t  t h a t  t h i s  p la n  more c l o s e l y  re sem b les  th e  p ro c e s s  of  a 
d e c i s i o n  s c e n a r i o .  A d e c i s i o n  maker,  f ace d  w i th  a p o p u la t i o n  of  
companies whose f u t u r e  l i f e  i s  c r i t i c a l  to  the  d e c i s i o n ,  has  to dec ide  
on a p o l i c y  f o r  l e n d in g  money o r  s e t t i n g  r i s k  premia based on 
In fo rm a t io n  t h a t  i s  a v a i l a b l e  i n  the  y e a r  o f  the  d e c i s i o n .  The p o l i c y  
i s  implemented f o r  the r e s p e c t i v e  companies under  c o n s i d e r a t i o n  i n  the 
same y e a r ,  b u t  the pay o f f s  a r e  e x p e r i e n c e d  i n  accordance  w i th  the 
r e a l i z e d  f a i l u r e  r a t e  i n  the  f u t u r e .  The e x p e r i e n c e  o f  the  f a i l u r e  
r a t e  i s  p r o s p e c t i v e  as  i s  t h i s  sampl ing  p l a n .
The sample p e r io d  of  f i v e  y e a r s  used i n  t h i s  s tudy  was s e l e c t e d
( 1 ) as  a l i k e l y  p e r io d  f o r  a d e c i s i o n  h o r i z o n ,  ( 2 ) i n  o rd e r  to  s e c u re  
an adequa te  amount of  d a t a ,  and (3)  because  t h i s  i s  the  l o n g e s t  
h o r i z o n  t h a t  o t h e r  bankrup tcy  s t u d i e s  have u sed .
An advantage  o f  the above sample scheme i n  terms o f  e s t i m a t i o n  i s  
t h a t  the  economic s t r e s s  c o n d i t i o n s  a r e  c o n t r o l l e d  ( k e p t  common) f o r  
a l l  i n d i v i d u a l s  i n  a p a r t i c u l a r  sample.  C o n t r o l l i n g  the s t r e s s  
c o n d i t i o n s  accomodates the  a fo rem en t ioned  premise  t h a t  a l l  
i n d i v i d u a l s ,  a t  the e n t r y  p o i n t ,  shou ld  be as comparable as p o s s i b l e ,  
s u b j e c t  to any d i f f e r e n c e s  i n  e x p l a n a to ry  v a r i a b l e s .  Keeping the 
economic c o n d i t i o n s  common a l s o  f a c i l i t a t e s  the i n v e s t i g a t i o n  of  the 
impact  ( e x p re s s e d  by the  r e g r e s s i o n  c o e f f i c i e n t s )  of  the e x p la n a to ry  
v a r i a b l e s  on f a i l u r e  t ime ,  as  t h i s  impact  i s  expec ted  to be more
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uniform a c r o s s  companies w i t h i n  the same p e r io d  of  t ime than  i t  would 
he o t h e rw i s e .
C H A P T E R  I I I
3 .  EMPIRICAL RESULTS
3 .1  S e l e c t i o n  of  V a r i a b l e s :  C r i t e r i a
The l i t e r a t u r e  I s  r i c h  w i th  bankrup tcy  p r e d i c t i o n  s t u d i e s  which 
u t i l i z e  r a t i o s  and o t h e r  ac c o u n t in g  v a r i a b l e s  i n  t h e i r  mode ls .  Which 
s e t  of  v a r i a b l e s  p ro v id e s  the  b e s t  com bination  of  p r e d i c t o r s  remains 
an open q u e s t i o n .  The s u r r o g a t e  n a t u r e  of  acc o u n t in g  d a t a ,  the  
i n t r i c a t e  c o m p l ic a t io n s  r e s u l t i n g  from m u l t i c o l l i n e a r i t y  and the  sm al l  
number o f  f a i l e d  f i rm s  i n  the  d i f f e r e n t  samples o bscu re  the  
d e t e r m in a t io n  of  the u n d i s p u t a b l e  w in n e r s .  F o r t u n a t e l y ,  however,  
s e v e r a l  d i f f e r e n t  s e t s  of  v a r i a b l e s  [ s ee  Zavgren (1983) o r  Altman 
(1983)]  l e a d  to  comparable r e s u l t s ,  s u g g e s t i n g  t h a t  i t  might  w e l l  be 
t h a t  the p r e d i c t i v e  q u a l i t y  o f  a model i s  r e a s o n a b ly  r o b u s t  a c r o s s  a 
v a r i e t y  of  com bina t ions  of  f i n a n c i a l  r a t i o s .
Confron ted  w i th  the absence  of  an e x p l i c i t  theo ry  o f  bankrup tc y
and the  l a c k  of  d e f i n i t e  r u l e s  i n  de te rm in ing  the impor tance  of
f i n a n c i a l  v a r i a b l e s  from o t h e r  s t u d i e s ,  one i s  l e f t  w i th  the  r e c o u r s e
13o f  e m p i r i c a l  s e a r c h .  In  t h i s  s tudy  a l a r g e  s e t  of  f i n a n c i a l  
v a r i a b l e s  was se a rc h e d  and a s e t  o f  f i v e  v a r i a b l e s  was s e l e c t e d .  No 
c la im i s  made as to  whether  t h i s  s e t  c o n s t i t u t e s  the b e s t  s e t  of  
v a r i a b l e s  f o r  the p r o p o r t i o n a l  haza rds  model; i t  might  be t h a t  a n o t h e r  
s e t  performs as  w e l l  o r  b e t t e r .  I t  i s  q u i t e  l i k e l y  t h a t  much can be
31
32
g a in e d  by improving  the  da ta  q u a l i t y ,  however,  t h i s  i s  a very  
d i f f i c u l t  ta sk  when one i s  co n f ro n te d  w i th  such a l a r g e  da ta  base .
S ev e ra l  c o n s i d e r a t i o n s  had to  be made i n  choos ing  the  f i n a l  s e t  
o f  v a r i a b l e s .  These can be summarized i n  terms o f  two main 
d i r e c t i o n s :  ( a )  av o id in g  i n t r o d u c t i o n  of  b i a s ,  and (b)  a d h e r in g  to  the 
assumptions  of  the model .
As f a r  as  b i a s  i s  conce rned ,  p r e f e r e n c e  was g ive n  to v a r i a b l e s  
t h a t  d id  no t  l e a d  to  any c o n s i d e r a b l e  r e d u c t i o n  of  th e  sample s i z e .  
Lack of  a v a i l a b i l i t y  of  da ta  can reduce  the sample s i z e ,  the re by  
p o t e n t i a l l y  i n t r o d u c i n g  b i a s .  Such a problem i s  p rominent  when one 
a t t e m p t s  to use f i n a n c i a l  v a r i a b l e s  r e q u i r i n g  o b s e r v a t i o n  over  s e v e r a l  
p e r i o d s .  V ar iance  of  e a r n i n g s  o r  t r e n d  v a r i a b l e s  a r e  t y p i c a l  examples 
o f  v a r i a b l e s  t h a t  r e q u i r e  o b s e r v a t i o n  over  s e v e r a l  y e a r s .  Altman e t  
a l  (1977) used the v a r i a n c e  of  e a r n i n g s  over  t e n  y e a r s  as a s u r r o g a t e  
measure of  b u s in e s s  r i s k .  Th is  l e d  to  the e x c l u s i o n  o f  companies from 
the sample t h a t  d id  n o t  have da ta  f o r  such a l e n g t h  of  t ime .  However, 
i f  younger companies a r e  more s u s c e p t i b l e  to  f a i l u r e  than o l d e r ,  more 
e s t a b l i s h e d ,  e n t i t i e s ,  t h i s  e x c l u s i o n  can l e a d  to  an u n d e r e s t i m a t io n  
o f  the f a i l u r e  r i s k .  In  the  case  of  Altman e t  a l .  (1977) ,  one could
a rgue  t h a t  the age r e l a t e d  r i s k  i s  prominent  i n  the i n i t i a l  few y e a r s
o f  a c o r p o r a t i o n ' s  l i f e  and,  t h e r e f o r e ,  such an e x c l u s i o n  has no 
e f f e c t  on a sample of  p u b l i c l y  t r a d e d  c o r p o r a t i o n s  t h a t  have a l r e a d y  
l i v e d  f o r  s e v e r a l  y e a r s  b e f o r e  e n t e r i n g  a s to c k  exchange .  A problem 
rem a ins ,  however,  i n  t h a t  one does n o t  know how to  e v a l u a t e  a company
which does n o t  have enough f i n a n c i a l  s t a t e m e n t s  t h a t  a r e  a v a i l a b l e
p u b l i c l y •
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Another c o n s i d e r a t i o n  i n  a d op t ing  v a r i a b l e s  was t h a t  of  a dhe r ing  
to the p r o p o r t i o n a l i t y  assumption which u n d e r l i e s  the Cox model .  When 
a cho ice  had to  be made among r a t i o s  t h a t  p ro v id e d  s i m i l a r  
i n f o r m a t i o n ,  the one t h a t  appeared  to comply w i th  the p r o p o r t i o n a l i t y  
assumption  was p r e f e r r e d  to  the o t h e r s .  The p r o p o r t i o n a l i t y  
assumption  was checked u s in g  the g e n e r a l i z e d  r e s i d u a l s  [Kay (1 9 7 7 ) ] .
Other  more s t a n d a r d  c o n s i d e r a t i o n s  i n  ad o p t in g  a v a r i a b l e  
i n c lu d e d  s t a t i s t i c a l  s i g n i f i c a n c e ,  p r e d i c t i v e  a b i l i t y ,  and s i m p l i c i t y  
to o b t a i n .  The l a t t e r  i s  e s p e c i a l l y  im por tan t  because  i t  makes 
u p d a t in g  a model e a s i e r  and minimizes the  e x c l u s i o n  of  companies due 
to l a c k  o f  d a t a .
3 .2  S e l e c t i o n  of  V a r i a b l e s ;  The F i n a l  S e t
The v a r i a b l e s  of  the model were s e l e c t e d  s e q u e n t i a l l y ,  one a t  a
t ime,  on the b a s i s  of  t h e i r  c o n t r i b u t i o n  to  the maximiza t ion  of  the
p a r t i a l  l i k e l i h o o d  f u n c t i o n  and the o t h e r  c r i t e r i a  s e t  f o r t h  i n  the
p rev io u s  s e c t i o n .  Employment of  automated s tep w is e  s e l e c t i o n
p rocedu res  was i n e f f e c t i v e  because  the se  p rocedu res  o f t e n  came to  a
14h a l t  due to ove r f low  problems.
The f i n a l  f i v e  v a r i a b l e s  i n c lu d e d  i n  the model a r e  the fo l lo w in g :
(1 )  Vj ( s i z e ) :  N a tu ra l  lo g  of  t o t a l  a s s e t s .  This v a r i a b l e  was found
to  be s i g n i f i c a n t  i n  a l l  runs  of  the model .  Other s t u d i e s  t h a t  have 
found t h i s  v a r i a b l e  im p o r ta n t  in c lu d e  th ose  by Altman e t  a l  (1977) and 
Ohlson (1980) .  The im por tance of  the v a r i a b l e  can be a t t r i b u t e d  to 
the  i n f o r m a t io n  i t  c o n t a i n s  about  a company's a c c e s s i b i l i t y  to
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f i n a n c i a l  marke ts  and i t s  age and a l s o  because  a l a r g e r  v a lu e  f o r  s i z e  
s u g g es t s  a b ro a d e r  base of  a s s e t s  which the company can p a r t i a l l y  
l i q u i d a t e  in  d i f f i c u l t  t imes to meet c u r r e n t  o b l i g a t i o n s .  I t  i s  a l s o  
p o s s i b l e  t h a t  a l a r g e r  company can be more s u c c e s s f u l  in  an a t tem p ted  
merger i n  o rd e r  to a v e r t  a formal  bankrup tc y  s i t u a t i o n .
(2)  V2 : T o ta l  debt  d iv id e d  by t o t a l  i n v e s t e d  c a p i t a l .  This r a t i o  was
found to be one o f  the more u s e f u l  v a r i a b l e s  i n  maximizing the 
l i k e l i h o o d  f u n c t i o n .  R a t io s  in v o l v in g  debt  o r  t o t a l  l i a b i l i t i e s  
d iv id ed  e i t h e r  by c a p i t a l  o r  t o t a l  a s s e t s  have appea red  in  many o t h e r  
bankruptcy  s t u d i e s  i n c l u d i n g  Beaver (1966 ) ,  Deakin (1972) ,  Ohlson
(1980) and Zavgren (1982 ) .  The impor tance  o f  t h i s  r a t i o  i s  a t t r i b u t e d  
to  the i n f o r m a t io n  i t  p ro v id es  about  the o b l i g a t i o n  of  a company 
r e l a t i v e  to i t s  t o t a l  i n v e s t e d  c a p i t a l .
(3 )  V3 : O pera t ing  income b e fo re  d e p r e c i a t i o n  d iv id ed  by t a n g i b l e  
a s s e t s .  O pera t ing  income was found to be p r e f e r a b l e  to o t h e r  measures 
o f  income such as s a l e s ,  e a rn in g s  b e fo re  i n t e r e s t  and t a x e s ,  and 
o p e r a t i n g  income a f t e r  d e p r e c i a t i o n .  This  r a t i o  imputes such f a c t o r s  
as  the p r o f i t a b i l i t y  of  the company and a measure of  income from 
o p e r a t i o n  t h a t  i s  a v a i l a b l e  to s e rv e  d e b t .  R a t io s  of  r e t u r n  have been 
popu la r  in  a l l  major  s t u d i e s  of  bank rup tc y ,  and t h i s  one was found to 
be very im p o r ta n t  i n  maximizing the  l i k e l i h o o d  f u n c t i o n  i n  t h i s  s tu d y .
(4 )  V^: C a p i t a l  s u r p lu s  d iv id e d  by t a n g i b l e  a s s e t s .  C a p i t a l  s u r p lu s  
r e p r e s e n t s  the excess  v a lu e  of  c a p i t a l  s to c k  over  i t s  par  o r  s t a t e d  
v a l u e .  More s p e c i f i c a l l y ,  i t  i s  c a l c u l a t e d  as the cum ula t ive  amount 
t h a t  a company was a b l e  to a c q u i r e  i n  the f i n a n c i a l  marke ts  by s e l l i n g  
common s t o c k ,  over and above the par  v a lu e  of  the s to c k  s o ld ,  which i s
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u s u a l l y  i s s u e d  a t  the  f a c e  v a l u e  o f  one d o l l a r  per  u n i t .  In terms of  
t h i s  d e f i n i t i o n ,  the r a t i o  o f  c a p i t a l  s u r p lu s  to a s s e t s  can be viewed 
b o th  a s  a s u r r o g a t e  measure o f  the per formance o f  the s to c k  o f  a 
company o f  a c e r t a i n  s i z e  over  i t s  l i f e ,  and as a s u r r o g a te  measure of  
the  a c c e s s i b i l i t y  t h a t  a company has to the f i n a n c i a l  m a rk e t s .  was 
i n t r o d u c e d  i n t o  the model as  a s u r r o g a t e  f o r  the per formance o f  a 
company over  i t s  l i f e t i m e .  Another c a n d i d a t e  c o n s id e r e d  a s  an 
i n d i c a t o r  o f  the cum ula t ive  performance o f  a f i rm over time was the 
r a t i o  o f  r e t a i n e d  e a r n i n g s  to  t a n g i b l e  a s s e t s .  The l a t t e r  v a r i a b l e  
was found i n s i g n i f i c a n t ,  f o r  a l l  samples ,  d e s p i t e  t h a t  f a c t  t h a t  
A l t m a n ^ e t  a l  (1977) found the  l a t t e r  v a r i a b l e  to  be t h e i r  most 
" im p o r t a n t "  v a r i a b l e .
The im por tance  o f  the i s  ha rd to a s s e s s  g ive n  the e x i s t i n g  
m u l t i c o l l i n e a r i t y  o f  th e  d a t a .  I t  was found to  be s i g n i f i c a n t  a t  
an a l e v e l  o f  l e s s  than .001 in  the sample o f  1973-78,  i n s i g n i f i c a n t  
in  the 1975-80 sample and m a rg i n a l l y  s i g n i f i c a n t  [a  = .1] in  the  1977- 
82 sample when the  l i k e l i h o o d  r a t i o  t e s t  was used .  The Wald t e s t  f o r  
the same v a r i a b l e  in  the l a t t e r  sample l e d  to a p -va lue  o f  0.3045 .  I t  
i s  p o s s i b l e  t h a t  a 6 h i f t  o f  Importance  o f  the v a r i a b l e  o ccu r red  
over  t im e .  The s ig n  of  the r e g r e s s i o n  c o e f f i c i e n t  o f  i s  as
expec ted  f o r  a l l  sam ples .
(5 )  V^; Market  v a lu e  o f  common s to c k  d iv id e d  by t o t a l  i n v e s t e d  
c a p i t a l .  A s i m i l a r  c a p i t a l i z a t i o n  r a t i o ,  common e q u i t y  d iv id ed  by 
t o t a l  c a p i t a l ,  was used  by Altman e t  a l  (1977) i n  t h e i r  model.  The 
numera tor  o f  V5  i s  computed u s in g  marke t  v a l u e  i n  o r d e r  to in t ro d u c e  a 
measure o f  the e v a l u a t i o n  of  a company by the m arke t .
36
In f i t t i n g  the model ,  the  v a l u e  o f  each  c o v a r i a t e  i s  de f in e d  to
be the obse rved  va lue  o f  the r e s p e c t i v e  v a r i a b l e  minus i t s  mean over
the  e n t i r e  p o p u la t i o n  i n  a g ive n  sample p e r i o d ,  t h e re b y  f a c i l i t a t i n g  a 
compar ison between the p o p u la t i o n  average  and a company s p e c i f i c
v a l u e .  S u b t r a c t i n g  the  mean o f  each  v a r i a b l e  from the  observed  v a l u e s
a l s o  f a c i l i t a t e s  the e s t i m a t i o n  of  the  r e g r e s s i o n  c o e f f i c i e n t s  us ing  
the  Newton-Raphson p ro c e d u re .
3 .3  E s t i m a t i o n  R e s u l t s
In  o rd e r  to observe  the s t a b i l i t y  and per formance o f  the  model 
over  a long p e r io d  o f  t ime,  t h r e e  da ta  s e t s  were a n a ly zed  i n  t h i s
s tu d y .  The da ta  s e t s  were o b t a in e d  accord ing  to the sampling plan
d e s c r ib e d  in  the p reced ing  c h a p t e r .  In summary, the  c o v a r i a t e s  f o r  
each company were c a l c u a l t e d  f o r  the e n t r y  y ea r  o f  each sample and the 
f a i l u r e  s t a t u s  was r e c o rd e d  over the fo l low ing  f i v e  c a l e n d a r  y e a r s .  
The f i r s t  da ta  s e t  has e n t r y  yea r  1973,  the  second s t a r t s  w i th  1975
and the f i n a l  one s t a r t s  with  1977.  The da ta  s e t s  were taken  to  b e g in
two y e a r s  a p a r t ,  under the as sumption  t h a t  the model would be upda ted 
every  two y e a r s .
The p r o p o r t i o n a l  haza rds  model c o n t a in in g  V1 -V5  was e s t i m a t e d  
u s in g  the  da ta  from each o f  the t h r e e  samples ,  r e s u l t i n g  in  t h r e e  
models (73 ,  75, 77) o f  the same form bu t  w i th  d i f f e r e n t  e s t i m a t e d
r e g r e s s i o n  c o e f f i c i e n t s .  The remainder  o f  t h i s  s e c t i o n  w i l l  be 
d e d ic a te d  to r e p o r t i n g  the r e s u l t s  o f  the e s t i m a t i o n  o f  the model f o r  
the  t h r e e  da ta  s e t s .  These r e s u l t s  a r e  p r e s e n t e d  i n  Tables 1 through
37
3; d e t a i l s  on the  c o m p u ta t io n a l  a s p e c t  o f  the p r e s e n t e d  e s t i m a t e s  can 
be found in  Appendix B.
Each o f  Tab les  1 th rough  3 c o n t a in s  the  fo l l o w in g  in fo rm a t io n :
(1)  The e s t i m a t e s  o f  the  r e g r e s s i o n  c o e f f i c i e n t s  g used  in  the haza rd  
f u n c t i o n .  A p o s i t i v e  c o e f f i c i e n t  f o r  a c o v a r i a t e  i n d i c a t e s  a h i g h e r  
r i s k  o f  f a i l u r e  whereas a n e g a t iv e  one has the  o p p o s i t e  i n t e r ­
p r e t a t i o n .  Given t h a t  each  c o v a r i a t e  was d e f in e d  to  be the  obse rved  
v a l u e  o f  a v a r i a b l e  minus i t s  mean over  the sample p o p u la t i o n  ( s e e  
S e c t io n  3 . 2 ) ,  the  r e g r e s s i o n  c o e f f i c i e n t s  shou ld  be i n t e r p r e t e d  a s  
d e p i c t i n g  the e f f e c t ^  on the haza rd  t h a t  r e s u l t s  from one u n i t  o f  
p o s i t i v e  d e v i a t i o n  o f  a v a r i a b l e  from i t s  mean.
(2 )  The s t a n d a r d  e r r o r s  o f  the e s t i m a t e d  r e g r e s s i o n  c o e f f i c i e n t s .
(3 )  The lo g a r i th m  o f  the  maximized p a r t i a l  l i k e l i h o o d  f u n c t i o n  and the
c h i - s q u a r e  va lue  r e s u l t i n g  from the s c o re  f u n c t i o n  t e s t .  The g l o b a l
c h i - s q u a r e  s t a t i s t i c  t e s t s  the  h y p o th e s i s  t h a t  a l l  r e g r e s s i o n
c o e f f i c i e n t s  a r e  i d e n t i c a l l y  equal  to z e r o .  The model was found
-4s i g n i f i c a n t  f o r  a l l  samples a t  an a l e v e l  o f  1 0  o r  l e s s .
(4)  The s i g n i f i c a n c e  o f  the  I n d i v i d u a l  r e g r e s s i o n  c o e f f i c i e n t s  was 
t e s t e d  us ing  the Wald t e s t  s t a t i s t i c ,  which i s  based  on the asym pto t ic  
n o rm a l i t y  p r o p e r ty  o f  the maximum l i k e l i h o o d  e s t i m a t e s .  The W ald ^  
s t a t i s t i c  i s  a s y m p t o t i c a l l y  c h i - s q u a r e  d i s t r i b u t e d .  The o b ta in e d  c h i -  
s qua re  v a l u e s  a r e  r e p o r t e d  f o r  the  r e g r e s s i o n  c o e f f i c i e n t  o f  each 
v a r i a b l e .
A
(5 )  The e s t i m a t e d  v a l u e s  o f  the b a s e l i n e  s u r v i v a l  f u n c t i o n  SQ( t )  
a r e  r e p o r t e d  f o r  t = l , 2 , 3 , 4 , 5 .  These e s t i m a t e s  p rov ide  the p r o b a b i l i t y  
t h a t  an i n d i v i d u a l  w i th  c o v a r i a t e  v e c t o r  z = 0  w i l l  s u r v iv e  a t  l e a s t  t
38
y e a r s  i n t o  the f u t u r e .  An e s t i m a t e  f o r  the s u r v i v a l  f u n c t i o n  o f  a 
company w i th  c o v a r i a t e  v e c t o r  can be  e a s i l y  o b ta in e d  in  terms of  
the  b a s e l i n e  s u r v i v a l  f u n c t i o n  S g ( t )  u s in g  the fo l lo w in g  fo rmula:
( 6 ) The e s t i m a t e d  asym pto t ic  c o r r e l a t i o n  m a t r ix  o f  the  r e g r e s s i o n  
c o e f f i c i e n t s .  Th is  m a t r ix  i s  p rov ided  because  i t  i s  used to  c o n s t r u c t  
t e s t s  on the r e g r e s s i o n  c o e f f i c i e n t s  u s in g  the Tfald s t a t i s t i c .
3 .4  T e s t in g  the P r o p o r t i o n a l i t y  Assumption
The most commonly used techn ique  f o r  t e s t i n g  the  goodness o f  f i t  
o f  the Cox model i s  based  on the fo l l o w in g  i d e a .  I f  T^ has s u r v i v o r  
f u n c t i o n  S ( t ^ , z ^ , 0 )  w i th  0 paramete r  v e c t o r ,  then  S ( T ^ ,z ^ , 0 ) i s  u n i ­
formly d i s t r i b u t e d  and - l o g  S (T ^ ,z ^ , 0 ) has  a u n i t  e x p o n e n t i a l  d i s t r i ­
b u t i o n  [Cox and Oakes (1984,  p .  8 9 ) ] .  T h e r e f o re ,  i f  one de f ined  the 
r e s i d u a l  o f  the i n d i v i d u a l  t h a t  d ied  or  was censo red  a t  t ime T^ to  be
A  A
= - l o g  S (T^ , Zj j Q),
then the r e s i d u a l s  o b t a in e d  in  t h i s  manner shou ld  behave as  a random 
sample o f  censo red  u n i t  e x p o n e n t i a l  v a r i a t e s .  Hence,  th e  cum ula t ive
A
haza rd  o f  the r e s i d u a l s ,  H ( e ) ,  when p l o t t e d  a g a i n s t  the o rde red  
r e s i d u a l s ,  should  look  l i k e  a s t r a i g h t  l i n e  of  s lope  one through the 
o r i g i n  [ s ee  Cox and S n e l l  (1968) ,  Kay (1977 ) ,  Link (1979) ,  and Lagakos
( 1 9 8 1 ) ] .
F ig u re s  1 to  3 show the p l o t s  o f  the cum ula t ive  haza rd  of  the 
r e s i d u a l s  a g a i n s t  the  r e s i d u a l s  themse lves  f o r  the t h r e e  samples o f
39
t h i s  s tu d y .  From the se  f i g u r e s  i t  can  be seen  t h a t  the  p l o t s  resemble  
s t r a i g h t  l i n e s  o f  s lope  one and the p r o p o r t i o n a l  haza rds  model does 
n o t  appear  to be i n a p p r o p r i a t e .
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V a r i a b l e
TABLE 1
ESTIMATION RESULTS: MODEL 73
Sample 73 (1973-1978)
R egres s ion  C o e f f i c i e n t  S tanda rd  E r r o r
Vl - .5795 .1381
v 2 1.5764 .2873
V 3 -5 .7096 1.9312
V4 -2 .6805 .7616
V5 - .6901 .3937
Log l i k e l i h o o d  = -289 
Global  C h i - sq u a re  = 215.4 p -v a lu e  = . 0 0 0 0  
Chi-square  T e s t  R e s u l t s  f o r  I n d i v i d u a l  V a r i a b l e s
V a r i a b l e Chi- square p -v a lu e
V 1 17.6 . 0 0 0 0




S u rv iv a l
t  1 2 3 4 5
s 0( t ) »999 .9975 .9955 .9934 .991
E s t im a ted  Asymptotic  C o r r e l a t i o n  M at r ix
Vl v 2 v3 v 4  V5
V 1
1 . 0 0
V 2
- . 2 2 1 . 0 0
V3 - . 2 1 .44 1 .00
V4 .17 - . 5 5  .19 1 . 0 0
v 5 .09 - . 1 8  - . 3 5 - . 6 0  1 . 0 0
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V a r i a b l e
TABLE 2 
ESTIMATION RESULTS: MODEL 
Sample 75 (1975-1980) 
R eg res s io n  C o e f f i c i e n t
75
S tandard  E r r o r
V1 - .3178 .1697
v 2 .8451 .2735
V3 -6 .6894 1.5050
V4 - .3175 .9579
v 5 -1 .3715 .6969
Log l i k e l i h o o d  = -182
Global C h i - s q u a re  = 78 .61 p -v a lu e = .0000
Ch i- square T e s t  R e s u l t s  f o r  I n d i v i d u a l  V a r i a b l e s
V a r ia b l e Chi-square p -v a lu e
V1 3.51 .0611




S u rv iv a l
t  1 2 3 4 5
s 0( t ) .9991 .9981 .9959 .9945 .9892
E s t im a te d  Asymptotic  C o r r e l a t i o n  M atr ix
V1 v 2 V3 v4 v 5
Vl 1.00
V2 - . 2 5 1 .00
V3 - . 4 3 .32 1.00
V4 .27 - . 0 2  - . 0 3 1 .00
V5 .01 .03 .03 - . 0 3  1.00
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TABLE 3
ESTIMATION RESULTS: MODEL 77
Sample 77 (1977- 1981)
V a r ia b l e R eg re s s ion  V a r ia b l e S tandard  E r r o r
V1 - .4731 .1569
v 2 .9537 .2694
V3 -4 .8350 1.4730
V418 -1 .0550 1.0276
V5 - .8 5 6 5 .5212
Log l i k e l i h o o d  = ■-180
Global  c h i - s q u a r e = 59 .89  p -v a lu e  = .0000
C h i - sq u a re  T e s t  R e s u l t s  f o r  I n d i v i d u a l  V a r i a b l e s






t  1 2 3 4 5
s 0 ( t ) .991 .9972 .995 .9919 .9875
E s t im a te d  Asymptotic  C o r r e l a t i o n  M atr ix
V1 v 2 v 3 v4 v 5
Vl 1.00
V2 - . 0 1 1.00
v3 - . 0 4 .29 1.00
V4 .32 - . 0 0  .24 1 .00



















CUMULATIVE HAZARD FUNCTION OF RESIDUALS, SAMPLE 73
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CUMULATIVE HAZARD FUNCTION OF RESIDUALS, SAMPLE 75



















CUMULATIVE HAZARD FUNCTION OF RESIDUALS, SAMPLE 77
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R e s id u a ls
C H A P T E R  IV
4. IMPLEMENTATION
4.1  E s t im a t in g  Expec ted  P ayof f s
I n  o rd e r  to  use the  r e s u l t s  o f  a d i s c r i m i n a n t  or  o t h e r  b in a ry  
r e sponse  model i n  making a d e c i s i o n ,  i t  has to  be assumed t h a t  a 
dichotomous p a r t i t i o n  of  the  payof f  space ,  i n  terms of  f a i l u r e  o r  non­
f a i l u r e ,  i s  a d e q u a te .  Such an assum pt ion ,  however,  may be an o v e r ­
s i m p l i f i c a t i o n  i n  ca se s  where the time to f a i l u r e  i s  one o f  the  
c r i t i c a l  d e t e rm in a n ts  o f  the p a y o f f s .  The use  o f  the s u r v iv o r  
f u n c t i o n  can f a c i l i t a t e  the com puta t ion  o f  the expec ted  p a y o f f s  i n  
such c a s e s .  This f a c i l i t y  can be shown u s in g  the s c e n a r i o  o f  a loan  
t h a t  r e q u i r e s  k annual  payments.  The lo a n  p rocess  can be d e p ic te d  
s c h e m a t i c a l l y  as  f o l l o w s :
-*■ F a i l u r e  -L^ 
P(T=1)
Year 1
+ F a i l u r e  -L^ 
P(T=2/T>1)
Year 2
F a i l u r e  -L, 
P(T=K/T>k-1)
Year k
*  S u rv iv a l  Pj 
P(T>1)
+ S u rv iv a l  F, 
P(T>2/T>1)
* S u r v iv a l  P, k
P (T>k/T>k- l )
where: T i s  time o f  f a i l u r e ,
Lt  i s  the amount o f  l o s s  r e s u l t i n g  from f a i l u r e  i n  y e a r  t j  
P t  i s  the  payment on the lo a n  in  y ea r  t .
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A l e n d e r  g iv e s  a loan  to a Company A which lo a n  r e q u i r e s  annua l  
payments P t , t  = 1,  2 , . . . , k .  I f  the company f a i l s  in  y e a r  t ,  the 
l e n d e r  w i l l  l o s e  amount Lt  on p r i n c i p a l  o u t s t a n d i n g ;  e l s e  payment P t  
i s  c o l l e c t e d .  This  p ro ces s  c o n t in u e s  u n t i l  k annua l  payments a re  
r e c e i v e d .
Taking i n t o  c o n s i d e r a t i o n  t h a t  the s u r v iv o r  f u n c t i o n  o f  a company 
w i th  a Risk  Index I  ( t o  be de f in e d  l a t e r )  i s  de f in e d  as S^(k) = 
P j (T > k) ,  the above p r o b a b i l i t i e s  a r e  ex p re s s e d  as  f o l l o w s :
P^T-l)  -  1 -  s j ( t )
PX(T>1) = SI  (1)
(S * (k -1 )  -  S <k))
P (T=k/T>k-1) = — ------------- 2------
SQ (k -1 )
P (T>k/T>k-1) = -----  ,
s j (k - l )
where SQ(k)  t îe s u r v i v o r  p r o b a b i l i t y  o f  an i n d i v i d u a l  w i th  r i s k  
index  1 = 1 ,  and I  i s  the r i s k  index  d e f in e d  as e x p ( P ' z )  f o r  a company 
w i th  c o v a r i a t e  v e c t o r  z .  Following t h i s ,  the expec ted  monetary v a lu e  
o f  the lo a n  i s :
k
EMV = - ( l - s j c i ) ) ^  + S * ( l )  v1 + 2  [ - l 4 (S* u - 1 )  -  S*(A)) + P£s J ( £ ) ] .
& ” 2
Rearrang ing  the te rm s ,  we g e t  
EMV = -L l + (Ll + P1 -  L2 ) s j  (1)  + . . . + (1^ + Pk ) s j  ( k ) ,  (4)
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which i s  a m o n o to n ica l ly  d ec re as in g  f u n c t i o n  w i th  r e s p e c t  to  I  s in c e
T h e re fo re ,  g iven  Lf and Pt  one can s o lve  f o r  I Q and 
use  t h i s  v a lu e  to  s c r e e n  o u t  lo a n  a p p l i c a n t s  t h a t  a r e  a s s o c i a t e d  w i th  
an ex p ec ted  monetary v a lu e  l e s s  than  a ' s p e c i f i e d  v a l u e  EMVQ.
A l t e r n a t i v e l y ,  i f  one assumed equal  annual  payments and ex p re s sed  
the  l o s s e s  Lt  a s  a f u n c t i o n  o f  the  payments P,  then  by s u b s t i t u t i n g  
the s u r v i v o r  p r o b a b i l i t i e s  i n  (4 )  he cou ld  s o lve  f o r  the r e q u i r e d  
annual  payment P t h a t  would m a in t a i n  a c e r t a i n  l e v e l  o f  d e s i r e d  
e x p e c te d  p r o f i t .  Moreover,  i f  the payments P were e x p re s s e d  in  terms 
o f  the i n t e r e s t  c h a rg e ,  the  d e c i s i o n  maker cou ld  c a l c u l a t e  the 
i n t e r e s t  charge  t h a t  would l e a d  to the d e s i r e d  expec ted  l e v e l  of  
p r o f i t .
4 .2  S e t t i n g  the C u to f f  P o i n t
Fo llowing  t h e i r  development ,  the models o f  c o r p o r a t e  f a i l u r e  a r e
t y p i c a l l y  e v a l u a t e d  i n  terms o f  t h e i r  accu racy  o f  p r e d i c t i o n  on 
19a n o t h e r  sample , u s u a l l y  r e f e r r e d  to a s  the  h o ldou t  sample.  To use a 
model f o r  p r e d i c t i o n ,  a  c u t o f f  p o i n t  I s  s e l e c t e d  so t h a t  a company i s  
c l a s s i f i e d  as f a i l u r e  o r  n o n - f a i l u r e ,  depending on whether  i t s  r i s k  
index  l i e s  above o r  below t h i s  c u t o f f  p o i n t .  The r i s k  index  may be a 
s t a t i s t i c a l  s co re  i n d i c a t i v e  o f  the  r i s k  o f  f a i l u r e ,  as  i t  i s  in  
d i s c r i m i n a n t  a n a l y s i s  models ,  o r  i t  may be the  e s t i m a t e d  p r o b a b i l i t y  
o f  f a i l u r e ,  a s  i t  i s  i n  p r o b a b i l i s t i c  models .  In  most p rev io u s  
bankrup tc y  p r e d i c t i o n  s t u d i e s ,  t h i s  c u t o f f  p o i n t  was s e t  s u b j e c t i v e l y  
so t h a t  i t  minimized some combination  o r  average  o f  the  r a t e  of
49
occu r ren c e  o f  the two m i s c l a s s i f i c a t i o n  e r r o r s :  the  e r r o r  of
m i s c l a s s i f y i n g  a f a i l e d  company (Type I )  and the e r r o r  of 
m i s c l a s s l f y i n g  a n o n - f a i l e d  company (Type I I ) .
In  s e t t i n g  the c u t o f f  p o i n t  t h e r e  i s  a t r a d e  o f f  between Type I  
and Type I I  e r r o r s .  I f  one c l a s s i f i e d  a l l  companies t h a t  have 
p r o b a b i l i t y  of  f a i l u r e  g r e a t e r  than  ze ro  as  f u t u r e  f a i l u r e s ,  he would 
e l i m i n a t e  Type I  e r r o r  bu t  maximize Type I I  e r r o r ;  on the  o t h e r  hand,  
d e c l a r i n g  f a i l u r e s  to  be on ly  those  companies t h a t  have p r o b a b i l i t y  of  
f a i l u r e  eq u a l  to  one (which happens only  when f a i l u r e  o c c u r s )  would 
e l i m i n a t e  Type I I  e r r o r  bu t  would p r e d i c t  no f a i l u r e s .
I f  the c o s t s  of  m i s c l a s s i f i c a t i o n  a s s o c i a t e d  w i th  the  two types  
of  e r r o r  were e q u a l ,  s e t t i n g  the c u t o f f  p o i n t  i n  o r d e r  to minimize the 
average  of  the r a t e  o f  oc c u r re n c e  o f  the  two e r r o r s  (Type I  and I I )  
would be a p p r o p r i a t e ;  however,  t h i s  i s  n o t  the  case  i n  r e a l i t y .  The 
c o s t  of  m i s c l a s s i f y i n g  a n o n - f a i l e d  company i s  c o n s id e r a b ly  lower than  
the c o s t  of  m i s c l a s s i f y i n g  a company t h a t  f a i l s  in  the f u t u r e .  For 
i n s t a n c e ,  l e t  us d e f in e  the  Type I  e r r o r  c o s t  to be the l o s s  of  
p r i n c i p a l  and i n t e r e s t  on a loan  r e s u l t i n g  from bankrup tc y  o f  the 
m i s c l a s s i f l e d  f a i l e d  company, and the  Type I I  e r r o r  c o s t  to  be the  
o p p o r t u n i t y  c o s t  of  n o t  g i v i n g  a loan  to  a company t h a t  does not  
f a i l .  The fo rmer  c o s t  i s  l i k e l y  to  be s u b s t a n t i a l l y  h ig h e r  than the 
l a t t e r  c o s t ;  t h e r e f o r e ,  s e t t i n g  the c u t o f f  p o i n t  i n  o rd e r  to  minimize 
the  o v e r a l l  m i s c l a s s i f i e d  p r o p o r t i o n  of  companies i s  n o t  a p p r o p r i a t e  
i n  a p r o f i t  maximizing env i ronm ent .  A more r e a l i s t i c  procedure  f o r  
s e t t i n g  the  c u t o f f  s co re  would take  i n t o  c o n s i d e r a t i o n  the c o s t  
d i f f e r e n t i a l  of  the two e r r o r s .
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C e r t a in  r e c e n t  s t u d i e s  have in c o r p o r a t e d  c o s t s  i n  s e t t i n g  the
c u t o f f  p o i n t s .  Such s t u d i e s  in c lu d e  the s t u d i e s  by Altman e t  a l .
(1977) ,  Diamond (1976) and Meyer and P i f e r  (1970 ) .  A p l a u s i b l e  method
of  a s s e s s i n g  Type I  and I I  e r r o r  c o s t s  can be based  on the above
mentioned lo a n  s c e n a r i o  whereby Type I  c o s t  i s  d e f in e d  as  the  l o s s  on
a lo a n  g iven  to  a company t h a t  f a i l s ,  whereas the a l t e r n a t e  c o s t  i s
de f in e d  i n  terms o f  the o p p o r tu n i ty  c o s t  o f  n o t  g iv in g  a loan  to  a
company t h a t  does n o t  f a i l .  There i s  a d i f f i c u l t y ,  however,  i n
de te rm in ing  the c o s t s  o f  m i s c l a s s i f i c a t i o n  due to the u n a v a i l a b i l i t y
o f  r e l e v a n t  da ta  on lo a n  l o s s e s  and o p p o r t u n i t y  c o s t s .  The a v a i l a b l e
in f o r m a t io n  on bad loa ns  i s  n o t  d e t a i l e d  enough to p ro v id e  p r e c i s e
e s t i m a t e s  of  the c o s t s  o f  the two e r r o r s .  One can o b t a i n  o v e r a l l
s t a t i s t i c s  abou t  the reco v e ry  r a t e s  on charged  o f f  p o r t i o n s  of  
20l o a n s ;  however,  no d e t a i l e d  in f o r m a t io n  i s  a v a i l a b l e  on f a c t o r s  
i n f l u e n c i n g  the r ecove ry  r a t e  on the  amount lo a n e d .  Such f a c t o r s  
in c lu d e  the t ime between the loan  da te  and the bank rup tc y ,  the terms 
o f  the l o a n ,  the s i z e  of  the deb to r  and c r e d i t o r ,  the s i z e  of  the l o a n  
and the  l e n g t h  o f  the  r ecove ry  p e r i o d .  Altman (1983,  pp .  185-188) 
d i s c u s s e s  some of the f a c t o r s  t h a t  a f f e c t  the reco v e ry  and c o l l e c t i o n  
r a t e s  on l o a n s ,  such as  s i z e  of  bank and s i z e  of  l o a n .  I t  appea rs  
t h a t  the c o s t  of  g a t h e r i n g  the  i n f o r m a t io n  and i t s  c o n f i d e n t i a l  n a t u r e  
a r e  the main reasons  f o r  the u n a v a i l a b i l i t y  o f  p r e c i s e  da ta  [ see  
MaKeever ( 1 9 8 4 ) ] .
As d e s c r ib e d  above,  the c o r p o r a t e  f a i l u r e  p r e d i c t i o n  models a re  
e v a l u a t e d  on the  b a s i s  o f  t h e i r  pe rformance i n  c o r r e c t l y  c l a s s i f y i n g  
companies as f u t u r e  f a i l u r e s  o r  n o n - f a i l u r e s .  In  t h e o ry ,  however,  i f
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a r i s k  n e u t r a l  I n d i v i d u a l  had a p r e c i s e  r u l e  f o r  e s t i m a t i n g  the
expec ted  p a y o f f s  a s s o c i a t e d  w i th  c e r t a i n  d e c i s i o n s ,  t h e r e  would be no 
21r eason  to  p r e c lu d e  a company o f  a c e r t a i n  r i s k  l e v e l  from an 
inves tm en t  o r  le n d in g  c o n s i d e r a t i o n  i f  the r i s k  c ou ld  be compensated 
by h ig h e r  ex p ec ted  r e t u r n s .  The implemented r u l e  in  such a case  would 
be judged on the  b a s i s  of  the r e s u l t i n g  p r o f i t s .  A c r e d i t o r  or  
i n v e s t o r  w i l l i n g  to  base a d e c i s i o n  on e s t i m a t e d  ex p ec ted  p a y o f f s  can 
use the e x p r e s s i o n  (4)  i n  S e c t io n  4 .1  to  de termine  h i s  co u r s e  of  
a c t i o n .  E v a l u a t i o n  of  the  p o t e n t i a l  per formance of  an ex p ec ted  payof f  
model such as (4 )  i s  confounded by the l a c k  of  i n fo rm a t io n  on in c u r r e d  
l o s s e s  as a f u n c t i o n  of  the  e l a p s e d  time from the lo a n  da te  and the  
l a c k  of  i n f o r m a t io n  on i n t e r e s t  charges  t h a t  companies a r e  l i k e l y  to 
a c c e p t ,  g iven  t h e i r  r i s k  s t a t u s .
The p o t e n t i a l  of  the  s u r v iv o r  f u n c t i o n ,  however,  can be e v a l u a t e d  
on the same b a s i s  t h a t  o t h e r  models have been e v a l u a t e d  on; t h a t  i s ,  
on the b a s i s  of  the performance  i n  d i s c r i m i n a t i n g  between h igh and low 
r i s k  i n d i v i d u a l s .  In  o r d e r  to  be a b l e  to perform such an e v a l u a t i o n  
the fo l low ing  s c e n a r i o  was c r e a t e d .  A company a p p ly in g  f o r  a th ree  
y e a r  b a l lo o n  m a t u r i t y  l o a n  was c o n s id e re d  as  a "high r i s k ” i n d i v i d u a l  
i f  i t  d id  no t  meet  c e r t a i n  p r o f i t  e x p e c t a t i o n s  of a l e n d e r ,  which a re  
d e s c r ib e d  below. A t h r e e  y e a r  b a l lo o n  m a t u r i t y  loan  was de f in e d  to  be 
a loan  t h a t  c a l l s  f o r  repayment o f  the p r i n c i p a l  and i n t e r e s t  a t  the 
end of  t h r e e  y e a r s  from the  loan  d a t e .  This  repayment s t r u c t u r e  was 
chosen i n  o r d e r  to o b t a i n  a dichotomous p a r t i t i o n  of  the  payof f  space 
as i s  done i n  o t h e r  f a i l u r e  p r e d i c t i o n  s t u d i e s .
The d e t e rm in a t io n  of  the c u t o f f  p o i n t  was based  on the premise
52
t h a t  a l o a n  should  be ex tended  I f  the expec ted  p r o f i t  from the lo a n  
l i e s  above a c e r t a i n  " h u rd le "  l e v e l .  T h e r e f o re ,  the c u t o f f  p o i n t  
co r responds  to the  r i s k  index  of  a company t h a t  has  ex p ec ted  p r o f i t
equal  to the h u r d l e  r a t e ;  above t h i s  c u t o f f  p o i n t  the p r o b a b i l i t y  of
f a i l u r e  becomes g r e a t e r  and the co r re s p o n d in g  expec ted  p r o f i t  becomes 
l e s s  than the h u r d l e  r a t e .  The ex p ec ted  p r o f i t  e x p r e s s io n  i s  g iven  by
H = -L [1 -  S*(3)]  + P S * (3 ) ,
where:  L i s  the l o s s  on the  lo a n  i n  c a s e  of  bank ru p tc y ,
P i s  the  r e t u r n  on the l o a n ,
Sq( 3) i s  the p r o b a b i l i t y  t h a t  a company s u r v iv e s  f o r  more 
than t h r e e  y e a r s ,
22I  i s  the r i s k  index  g iven  by e x p ( 3 ’z ) ,  r e p r e s e n t i n g  the 
r e l a t i v e  r i s k  between a p a r t i c u l a r  company w i th  
a t t r i b u t e s  z_ and a company w i th  a t t r i b u t e s  equa l  to 
p o p u la t i o n  a v e ra g e s ,
H i s  the  " h u rd le "  l e v e l .
The fo l l o w in g  assumptions  were made in  c a l c u l a t i n g  the  pa ram ete rs  
o f  the  expec ted  p r o f i t  e x p r e s s i o n :
(1 )  The r ecove ry  r a t e  on the amount of  p r i n c i p a l  o u t s t a n d in g  a t  
the  time o f  f a i l u r e  i s  37.5%, [Altman (1983,  p .  1 8 5 ) ] .
(2)  A company a p p ly ing  f o r  the above loan  t h a t  has  a r i s k  index  
g r e a t e r  than  or  eq u a l  to th e  c u t o f f  p o i n t  i s  w i l l i n g  to pay 
13.5% an n u a l ly  compounded i n t e r e s t .
(3)  In  case  of  f a i l u r e  any i n t e r e s t  o u t s t a n d i n g  i s  l o s t .
(4)  The h u rd le  r a t e  was s e t  a t  44%, c a l c u l a t e d  as approx im ate ly
53
the ex p ec ted  p r o f i t  from a l o a n  g iven  to  a company t h a t  has
a t t r i b u t e s  eq u a l  to p o p u l a t i o n  ave ra ges  ( i . e .  ** 0 ) ,  and
which i s  charged  13.0% i n t e r e s t  on the  above l o a n .
(5 )  SQ( 3 ) ,  the p r o b a b i l i t y  t h a t  a company w i th  _z^0 s u r v iv e s  f o r
more than th r e e  y e a r s ,  was s e t  equa l  to .995 which i s  the
e s t i m a t e  ^ ( 3 )  o b t a in e d  from the 1977-82 sample.
Using the above assum pt ions ,  the  c u t o f f  p o i n t  was s e t  a t  2 .86 .  
More d e t a i l s  on the  c a l c u l a t i o n s  o f  the  c u t o f f  p o i n t  and j u s t i ­
f i c a t i o n s  o f  the a ssumpt ions  a r e  p r e s e n t e d  i n  Appendix D.
The de termined  c u t o f f  p o i n t  i s  by no means u n i v e r s a l  s i n c e  the
d e t e r m in a t io n  was based  on the above assum pt ions ;  however,  i t  i s  
r e a l i s t i c .  Fur thermore  i n  the ne ighborhood of 2 .86  th e  c l a s s i f i c a t i o n  
r e s u l t s  a r e  r o b u s t ,  i n  the sense  t h a t  f l u c t u a t i o n  of  the  c u t o f f  p o i n t  
a round  2 .86  w i l l  n o t  change the r e s u l t s  s u b s t a n t i a l l y .  When the 
companies i n  the d i f f e r e n t  samples were ranked  w i th  r e s p e c t  to t h e i r  
c a l c u l a t e d  r i s k  i n d i c e s ,  the number o f  companies t h a t  ranked between 
2 .86  and 3 .0  was i n  the  v i c i n i t y  of  one p e r c e n t .
4 .3  C l a s s i f i c a t i o n  R e s u l t s
The c u t o f f  p o i n t  o f  2 .86 which was s e l e c t e d  as e x p l a in e d  i n  the 
p re c e d in g  s e c t i o n  was used  to o b t a i n  the  c l a s s i f i c a t i o n  r e s u l t s  f o r  
the t h r e e  models  ( s e c t i o n  3 . 3 )  on the samples o f  1972, 1973,  1975 and 
1977 e n t ry  y e a r s ,  r e s p e c t i v e l y .  The sample of  1972 was c r e a t e d  i n  
a d d i t i o n  to  the  o t h e r  t h r e e  i n  o rd e r  to have a sample t h a t  d id  not  
c o n t a i n  any f a i l e d  companies i n  common w i th  the  sample o f  e n t ry  year
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1977 where the f i n a l  model was o b t a i n e d .  The same c u t o f f  p o i n t  was 
u sed  f o r  a l l  samples in  o r d e r  to  i n s u r e  c o m p a r a b i l i t y  among the 
c l a s s i f i c a t i o n  performances  of  the d i f f e r e n t  models .
Each of the  Tab les  4 to  7 p r e s e n t s  the cum ula t ive  accuracy  of  the
th r e e  models f o r  a p a r t i c u l a r  sample .  The cum ula t ive  accuracy  ' o f
s c r e e n i n g  f a i l e d  companies i s  g iven  by time p e r i o d s  which s t a r t  with
t h e . e n t r y  y ea r  o f  the r e s p e c t i v e  sample and s u c c e s s i v e l y  e x tend  by an
a d d i t i o n a l  c a l e n d a r  y e a r .  Since the cum ula t ive  c l a s s i f i c a t i o n
accuracy  f o r  f a i l e d  companies i s  p r e s e n t e d  a s  the r a t i o  of  the  number
o f  the  c o r r e c t l y  c l a s s i f i e d  f a i l u r e s  over  the t o t a l  number of  the
f a i l e d  companies i n  a p e r i o d ,  the c l a s s i f i c a t i o n  accu racy  i n  a g ive n
y e a r  can be e a s i l y  c a l c u l a t e d  from the cum ula t ive  a c c u r a c i e s  o f  two
23s u c c e s s iv e  p e r i o d s .  The cum ula t ive  accuracy  o f  c l a s s i f y i n g
24c o r r e c t l y  n o n - f a i l e d  f i rm s  i s  r e p o r t e d  f o r  a p e r i o d  of  f i v e  y e a r s  
o n ly ,  f o r  r ea so n s  t h a t  w i l l  be e x p l a in e d  below.
C u s to m a r i ly ,  f a i l u r e  c l a s s i f i c a t i o n  s t u d i e s  e v a l u a t e  the
per formance  o f  t h e i r  models  by o b s e rv in g  the  a t t r i b u t e s  o f  the  
companies a f i x e d  number o f  y e a r s  p r i o r  to  the f a i l u r e  ev e n t  and then 
a s s e s s i n g  the e f f e c t i v e n e s s  of  such models  in  p r e d i c t i n g  f a i l u r e .  In  
o r d e r  to  p r e s e n t  our r e s u l t s  i n  t h i s  fo rm a t ,  Tab les  8 and 9 were 
c o n s t r u c t e d .  In  column (6) of  Table  8 the acc u racy  o f  c o r r e c t l y  
c l a s s i f i e d  f a i l e d  companies i s  r e p o r t e d  by d i s t a n c e  from the da ta
y e a r ;  t h i s  acc u racy  i s  c a l c u l a t e d  by combining the  samples of  1972,
1973,  1975, and 1977, and by u s in g  the model based  on the  1977 da ta .
In  column (6)  o f  Table 9 the same in f o r m a t io n  i s  p rov ided  as i n  
column (6)  o f  Table 8 w i th  the e x c e p t io n  t h a t  a l l  e n t r i e s  were
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c a l c u l a t e d  by u s in g  the samples o f  1972, 1973, and 1975; e lements  of
the 1977 sample were exc luded  In  o rd e r  to minimize the dependence of
the c l a s s i f i c a t i o n  e s t i m a t e s  on the 1977 sample on which the f i n a l
25model was b ased .  S u r p r i s i n g l y ,  the r e s u l t s  f o r  Type I  e r r o r  by 
d i s t a n c e  from data  y ea r  a r e  s l i g h t l y  b e t t e r  i n  Table 9 than i n  Table 8 
even though we minimized the dependence on Sample 77.  This 
improvement can perhaps  be a t t r i b u t e d  to the  f a c t  t h a t  the e s t i m a t e s  
o f  Type I  e r r o r  in  Table  9 depend l e s s  on the f a i l u r e s  o f  the  y e a r s  
1980 to 1982 of  the l a s t  r e c e s s i o n ,  where a c c e l e r a t e d  d e t e r i o r a t i o n  of  
companies may have been p r e s e n t .
From Table 8 we see  t h a t  the Type I  e r r o r  r a t e  i s  13.9%, 14.8%, 
23.5%, 38.7% and 26% u s in g  da ta  1, 2,  3,  4,  and 5 y e a r s  p r i o r  to 
f a i l u r e ,  r e s p e c t i v e l y .  The c o r re spond ing  Type I  e r r o r  f i g u r e s  from 
Table  9 a r e  14.8%, 14.3%, 18.5%, 36%, and 27.3%. The Altman e t  a l .  
(1977) model ,  which appea rs  to be the most commonly used  r e f e r e n c e  of  
compar ison,  r e s u l t e d  i n  co r re s p o n d in g  Type I  e r r o r s  of  7%, 15.1%,
25.5%, 32%, and 30%. In  t h i s  s tu d y ,  the Type I  e r r o r  r a t e  u s in g  da ta  
f o u r  y e a r s  b e fo re  f a i l u r e  appea rs  to be r e l a t i v e l y  h ig h e r  than the 
e r r o r  r a t e  f o r  y e a r s  1, 2,  3 and 5 p r i o r ;  t h i s  perhaps  may be due to 
b u s i n e s s  c y c l e  dependency.  In  computing the e r r o r  r a t e  in  q u e s t i o n  
( f o u r  yea r s  p r i o r ) ,  twelve f a i l u r e s  came from 1976, seven from 1977, 
s i x  from 1979, and s i x  from 1981 f o r  the Table 8 e n t r y ,  whereas the  
Tab le 9 f i g u r e  was computed u s in g  the same f a i l u r e s  w i th  the e x ce p t io n  
of  the  f a i l u r e s  In  1981.
2 6In t h i s  s tudy  the  Type I I  e r r o r  r a t e  of  m i s c l a s s i f y i n g  non- 
f a i l e d  companies i s  c a l c u l a t e d  as  the  cum ula t ive  m i s c l a s s i f i c a t i o n  of  
such companies over  a h o r i z o n  of  f i v e  y e a r s .  Th is  measurement i s
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comparable to the e s t i m a t e  t h a t  o t h e r  s t u d i e s  r e p o r t  as  " m i s c l a s s i ­
f i c a t i o n  o f  n o n - f a i l e d  companies u s in g  da ta  f i v e  y e a r s  p r i o r  to 
observed  n o n - f a i l u r e " .  I t  i s  our  c o n t e n t i o n  t h a t  Type I I  e r r o r  based  
on a random sample of  n o n - f a i l e d  companies shou ld  n o t  d e t e r i o r a t e  as 
the  p r e d i c t i o n  h o r izo n  i n c r e a s e s ;  t h i s  c o n t e n t i o n  i s  based  on the 
argument t h a t  no th ing  of  r e l e v a n c e  to n o n - f a i l u r e  t a k es  p l a c e  to a l t e r  
the  p r o f i l e  of  an average  n o n - f a i l e d  company as  the p r e d i c t i o n  h o r iz o n  
i n c r e a s e s .  C e r t a in  c o r p o r a t e  f a i l u r e  s t u d i e s  have r e p o r t e d  i n c r e a s i n g  
Type I I  e r r o r  as  the p r e d i c t i o n  h o r i z o n  I n c r e a s e s ;  we can o f f e r  no 
e x p l a n a t i o n s  f o r  t h i s  phenomenon exce p t  f o r  the fo l l o w in g :
1.  The p o p u l a t i o n  of  the  n o n - f a i l e d  companies i n  such s t u d i e s  
may have c o n ta in e d  a l a r g e  number o f  r e l a t i v e l y  young 
companies and as  the i n f o r m a t io n  on which p r e d i c t i o n  was 
based  was obse rved  a t  e a r l i e r  t im es ,  the p r o f i l e s  o f  the 
younger companies d e t e r i o r a t e d  due to the  f a c t  t h a t  the  da ta  
came from the v o l a t i l e  e a r l y  y e a r s  of  t h e i r  l i f e .  This  i s  
c e r t a i n l y  n o t  the  case  i n  t h i s  s tudy  where the sample comes 
from p u b l i c l y  t r a d e d  companies.
2.  The sample of  the  n o n - f a i l e d  companies in  such s t u d i e s  was
n o t  random i n  the sense t h a t  the companies were chosen on the 
b a s i s  o f  good h e a l t h  i n  o rd e r  to  s e p a r a t e  the  p o p u la t i o n  of  
f a i l e d  and n o n - f a i l e d  i n d i v i d u a l s .  Under t h i s  s c e n a r i o  the 
p r o f i l e  of  the average  f i rm  w i l l  j u s t i f i a b l y  d e t e r i o r a t e  a s  
one obse rves  such companies a few y e a r s  back and the average
company in  the sample resembles  more the  p r o f i l e  o f  the
average  i n d i v i d u a l  i n  a random sample.
In o r d e r  to s u p p o r t  the  p o s i t i o n  taken w i th  r e g a r d  to  Type I I
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e r r o r ,  the m i s c l a s s i f i c a t i o n  of  the  companies t h a t  were a l i v e  in  1982 
was c a l c u l a t e d  us ing  the t h r e e  models  and c o v a r i a t e  i n f o r m a t io n  from 
y e a r s  1972, 1973,  1975, and 1977.  The r e s u l t s  a r e  p r e s e n t e d  i n  Table 
10. Even though th e r e  i s  a v a r i a t i o n  from one y e a r  to  a n o t h e r ,  no 
c o n s i s t a n t  d e t e r i o r a t i o n  i s  observed  as  the  p r e d i c t i o n  h o r iz o n  
i n c r e a s e s .  I t  can a l s o  be n o te d  t h a t  the  r e p o r t e d  a c c u r a c i e s  o f  the 
c l a s s i f i c a t i o n  o f  the n o n - f a i l e d  companies i n  Tables  4 to  7,  d e s p i t e  a 
s l i g h t  d e t e r i o r a t i o n  due to  the i n c l u s i o n  o f  the a c q u i r e d ,  merged,  and 
d e l i s t e d  companies,  a r e  i n  agreement w i th  the  f i g u r e s  i n  Tab le 10.
Upon comparing the c l a s s i f i c a t i o n  r e s u l t s  o f  t h i s  s tudy  w i th
those  o f  o t h e r  s t u d i e s ,  one can observe  t h a t  c e r t a i n  s t u d i e s  have
r e p o r t e d  m i s c l a s s i f i c a t i o n  e r r o r  r a t e s  f o r  bankrup t  companies based on
data one yea r  p r i o r  to f a i l u r e  which a re  somewhat below those  o b t a i n e d
i n  t h i s  and o t h e r  s t u d i e s .  One might  be i n c l i n e d  to  a t t r i b u t e  t h i s
m i s c l a s s i f i c a t i o n  i n c o n s i s t e n c y  to  d i f f e r e n c e s  i n  model
c h a r a c t e r i s t i c s  and to the c o v a r i a t e s  t h a t  were used  in  the v a r io u s
s t u d i e s ,  which a d m i t t e d l y  i s  a p o s s i b i l i t y .  However, such  rea s o n in g
becomes tenuous when one c o n s i d e r s  t h a t  o t h e r  s t u d i e s  which h av e .u s ed
s i m i l a r  v a r i a b l e s  and models ,  o r  even the same v a r i a b l e s  and models
b u t  on d i f f e r e n t  sam ples ,  have y i e l d e d  much h i g h e r  m i s c l a s s i f i c a t i o n
27e r r o r  r a t e s  than  those  models which had h igh  a c c u ra c y .  For i n s t a n c e ,  
Altman and McGough (1974) have used  a sample from the s e v e n t i e s  to 
check the p r e d i c t i v e  accuracy  o f  A l tm an 's  1968 model .  The r e s u l t s  
i n d i c a t e d  18% m i s c l a s s i f i c a t i o n  e r r o r  f o r  bankrup t  companies us ing  
da ta  one yea r  p r i o r  to  f a i l u r e  and a Type I  e r r o r  r a t e  of  42% two
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y e a r s  p r i o r ,  whereas the c o r re spond ing  m i s c l a s s i f i c a t i o n  e r r o r s  f o r  
the same model on the o r i g i n a l  1968 sample were i n  the  v i c i n i t y  of  6% 
f o r  one y ea r  and 18% f o r  two y e a r s  p r i o r  to f a i l u r e .
Moyer (1977) a l s o  reexamined A l tm an 's  1968 model u s in g  da ta  from 
the  1965-75 p e r io d  and the average  e r r o r  r a t e  r e p o r t e d  by Moyer f o r  
t h i s  model was no l e s s  than  25%. R ee s t im a t io n  o f  the pa ram ete r s  of  
the .1968 model ,  u s in g  the  1965-75 sample,  y i e l d e d  a c o r re s p o n d in g  
e r r o r  r a t e  of  10% on the same sample o f  54 companies where the model 
was r e e s t i m a t e d .
28Deakin (1972) r e p o r t e d  an o v e r a l l  m i s c l a s s i f i c a t i o n  e r r o r  r a t e  
f o r  one y e a r  p r i o r  to  f a i l u r e  of  3%; b u t  t r y i n g  the  same model on a 
random sample l e d  to an o v e r a l l  m i s c l a s s i f i c a t i o n  r a t e  of  22% u s in g  
one y ea r  p r i o r  d a t a .
The only  two s t u d i e s  i n  the  s e v e n t i e s  t h a t  r e p o r t  a Type I  e r r o r  
of  l e s s  than  10% a re  those  by Altman e t  a l .  (1977) and Diamond 
(1976) .  Diamond r e p o r t s  Type I  e r r o r  r a t e s  o f  3% and 21% based  on 
da ta  one and two y e a r s  p r i o r  to  f a i l u r e ,  r e s p e c t i v e l y ;  the d e t e r i o ­
r a t i o n  in  the e r r o r  r a t e  from the f i r s t  to the  second y e a r  i s  
s u b s t a n t i a l .  The c o e f f i c i e n t s  o f  the  v a r i a b l e s  f o r  the  1977 model o f  
Altman e t  a l .  a r e  n o t  r e p o r t e d  s in c e  the model i s  commercial ly  
marke ted ,  and c r o s s  v a l i d a t i o n  on d i f f e r e n t  samples i s ,  t h e r e f o r e ,  no t  
p o s s i b l e .
A l l  of  the se  examples pe rhaps  s u g g e s t  t h a t  the r e p o r t e d  low 
m i s c l a s s i c i a t i o n  r e s u l t s  u s in g  da ta  one y e a r  p r i o r  to  f a i l u r e  a r e  
sample dependent .  Ohlson (1980) a l s o  e x p re s s e s  h i s  r e s e r v a t i o n s  about
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the r e p o r t e d  low m i s c l a s s i f i c a t i o n  r e s u l t s  f o r  one y e a r  p r i o r  to
f a i l u r e  and,  a l l u d i n g  to  the p o s s i b l e  sample dependency he s u gges t s  
t h a t  the da ta  u sed  (from one s t a t e m e n t  p r i o r  to bank rup tcy )  may have 
been too c l o s e  to the a c t u a l  occurence  o f  the f a i l u r e  e v e n t .  I t  i s  
p o s s i b l e  t h a t  c e r t a i n  r a t i o s ,  when observed  s l i g h t l y  b e f o r e  the  even t  
o f  f a i l u r e ,  a r e  s t r o n g  p r e d i c t o r s  ( o r  r a t h e r  i n d i c a t o r s )  o f  such an 
impending e v e n t .  However, whether  such v a r i a b l e s  a r e  u s e f u l  i n  
p r e d i c t i n g  f a i l u r e  beyond a r e a l i s t i c  l e a d  time might  be s u b j e c t  to  
ques t i o n .
In  the n e x t  s e c t i o n  we w i l l  d i s c u s s  c e r t a i n  p e c u l i a r i t i e s  of  t h i s  
s tudy  which shou ld  be taken  i n t o  account  when comparing the  c l a s s i ­
f i c a t i o n  r e s u l t s  o f  t h i s  s tudy  to  those  of  o t h e r  models .
4 .4  C o n s id e ra t io n s  i n  Comparing C l a s s i f i c a t i o n  R e s u l t s
In comparing c l a s s i f i c a t i o n  a c c u r a c i e s  from d i f f e r e n t  s t u d i e s ,
s e v e r a l  c o n s i d e r a t i o n s  have to be taken  i n t o  a cc oun t :  ( a )  the
randomness of  the  sample used  i n  f i t t i n g  the  model ,  (b )  the p r e d i c t i o n  
h o r i z o n ,  (c )  the randomness and com pos i t ion  o f  the v a l i d a t i o n  sample 
( i . e . ,  r a t i o  of  f a i l e d  to  n o n - f a i l e d ) ,  and (d)  the  purpose and the  
i n fo rm a t io n  c o n t e n t  of  the d i f f e r e n t  models .  The l a t t e r  c o n s i d e r a t i o n  
i s  r e l e v a n t  to such i s s u e s  as s e t t i n g  the  c u t o f f  p o i n t s  and the 
u s e f u l n e s s  of  the models i n  d i f f e r e n t  d e c i s i o n  s i t u a t i o n s .
Any d i f f e r e n c e s  i n  the above c o n d i t i o n s  w i l l  r e n d e r  any
comparisons i n e f f e c t u a l .  As Ohlson s u g g e s t s  (1980,  p .  124) ,  a
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comparison of  the p r e d i c t i v e  power o f  a s e t  o f  models  a t  minimum 
r e q u i r e s  a comple te s p e c i f i c a t i o n  of  a common d e c i s i o n  problem 
I n c lu d i n g  a p r e f e r e n c e  s t r u c t u r e  d e f in e d  over  the  a p p r o p r i a t e  s t a t e  
s p a c e .
There a r e  d e f i n i t e  d i f f e r e n c e s  between the samples of  t h i s  s tudy
and those  o f  o t h e r  e x i s t i n g  bankrup tcy  s t u d i e s  and ,  t h e r e f o r e ,  the
c l a s s i f i c a t i o n  r e s u l t s  of  t h i s  s tudy  should  be judged i n  l i g h t  of
th e s e  d i f f e r e n c e s .  One o f  the  d i f f e r e n c e s  i s  t h a t  each  sample o f  t h i s
s tu d y  was taken  p r o s p e c t i v e l y  from one c a l e n d a r  y e a r  ( t h e  e n t r y  y e a r )
onwards i n  o r d e r  to  s im u l a t e  the  e x p e r i en ce  under  a d e c i s i o n  s c e n a r i o
as e x p l a in e d  i n  s e c t i o n  2 . 4 .  Following t h i s  p r o s p e c t i v e  sampl ing
scheme, a l l  m a nufac tu r ing  and r e t a i l  companies which had p u b l i s h e d
f i n a n c i a l  s t a t e m e n t s  i n  the  e n t r y  y e a r  o f  a sample were In c lu d e d
r e g a r d l e s s  o f  t h e i r  f u t u r e  s t a t u s .  This  l e d  to the  i n c l u s i o n  o f
companies t h a t  were s u b se q u e n t ly  a c q u i r e d  by o r  merged w i th  a n o th e r
29company or even companies t h a t  were d e l i s t e d  from a s to c k  exchanges 
f o r  v a r i o u s  r e a s o n s .  These " i r r e g u l a r ” companies were t r e a t e d  as  non- 
f a i l e d  up to  the p o i n t  when they were l o s t  to fo l l o w  up,  a t  which
p o i n t  they were c e n s o re d .  Th is  c e n s o r in g  mechanism i s  r e a l i s t i c  from 
the s t a t i s t i c a l  p o i n t  of  view and i s  p r e f e r a b l e  to  ex c lu d in g  a l l  th e se
companies from the sample; however,  i t  may n o t  r e s u l t  i n  the b e s t
c l a s s i f i c a t i o n  r e s u l t s  f o r  the  r e a s o n s  t h a t  w i l l  be e x p l a in e d  below.
An a c q u i s i t i o n / m e r g e r  ar rangement can be consumated f o r  v a r io u s  
r e a s o n s ,  one of  which i s  the  a v e r s i o n  of  formal  b an k ru p tc y .  This  
c r e a t e s  a problem i n  t h a t  c e n s o r s h ip  i n  t h i s  case  would be c o r r e l a t e d
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w ith  f a i l u r e  and cen s o r in g  companies i n  t h i s  c a t e g o ry  would under ­
e s t i m a t e  the f a i l u r e  r a t e .  However, d e f i n i n g  a company a s  one t h a t  
a v e r t e d  bankrup tc y  th rough  merger i s  no t  e a s y ,  as  the c o n d i t i o n s  t h a t  
l e a d  to  a merger a r e  n o t  r e q u i r e d  to be d i s c l o s e d .  Accounting f o r  the 
c o r r e l a t i o n  between c e n s o r s h ip  and s u r v i v a l  o r  dea th i s  a s t a t i s t i c a l  
problem s t i l l  i n  the i n f a n c y  o f  i t s  r e s o l u t i o n *  M erged /acqu i red  
companies p r e s e n t  a problem dur ing  the  v a l i d a t i o n  s t a g e  of  a model a s  
i t  i s  no t  c l e a r  how the a c q u i r e d  or  merged company (which might  be 
c l o s e  to b ank rup tc y )  shou ld  be c l a s s i f i e d .  An easy a l t e r n a t i v e ,  which 
a v o id s  d e a l in g  w i th  the above d i f f i c u l t i e s  w i th o u t  s o lv in g  the 
problem, i s  to  exc lude  a l l  t h e s e  " i r r e g u l a r "  companies from the 
sample.  Th is  l a t t e r  r e c o u r s e  i s  s t a t i s t i c a l l y  q u e s t i o n a b l e ,  and i t  
l e a d s  to  l o s s  o f  i n f o r m a t i o n .
I t  i s  no t  known whether  e x c lu d in g  an i r r e g u l a r  company or  keep ing  
i t  i n  the sample i s  the l e s s e r  e v i l .  In t h i s  s t u d y ,  i n c l u d i n g  th e se  
m e rg e r / a c q u i r e d  and d e l i s t e d  companies was f e l t  to  p rov ide  the  more 
c o n s e r v a t i v e  approach  in  t h a t  such an i n c l u s i o n  t e s t s  the  pe rformance  
o f  the model under  the most adve r se  c o n d i t i o n s .  One can a l s o  argue 
t h a t  i n c lu d in g  th e s e  " i r r e g u l a r "  companies i s  more r e a l i s t i c  s i n c e  a 
d e c i s i o n  maker has  to  dea l  w i th  them a t  the time of  the  d e c i s i o n  when 
t h e i r  f u t u r e  s t a t u s  i s  n o t  known.
Another  p e c u l i a r i t y  o f  the samples o f  s tudy  i s  t h a t  the 
i n f o r m a t io n  on the  companies was taken  from the  Annual P r im ary -  
S u p p le m e n t in g -T e r t i a ry  f i l e  and the co r respond ing  Research f i l e  of  the 
Corapustat L i b r a r y .  The r e s u l t s  o f  t h i s  s tu d y ,  t h e r e f o r e ,  p e r t a i n  to
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companies t h a t  a r e  i n c lu d e d  i n  th e s e  f i l e s .  These f i l e s  i n c lu d e  a l l  
companies t r a d e d  in  the  New York and American S tock  exchanges ,  a s  w e l l  
as  those  companies t r a d e d  over  the c o u n t e r  which a r e  used  i n  the 
computa t ion  of  the S tanda rd  and Poor 400 and 500 in d e x e s .  The f a i l u r e  
r a t e  among such companies i s  p robab ly  lower  than  i t  i s  among s m a l l e r  
f i r m s .  The f a i l u r e  r a t e  observed  i n  t h i s  s tudy  i s  i n  the v i c i n i t y  of 
s i x  per  thousand per  y e a r .  Such a smal l  f a i l u r e  r a t e  makes the  
e s t i m a t i o n  ta sk  h a r d e r  because  i t  r e q u i r e s  a s e n s i t i v e  model t h a t  i s  
a b l e  to  d e t e c t  a v e ry  smal l  group o f  f a i l e d  i n d i v i d u a l s  w i t h i n  a 
l a r g e r  p o p u l a t i o n .
Apar t  from the i d i o s y n c r a s i e s  o f  the sample scheme fo l low ed  in  
t h i s  s tu d y ,  d i f f e r e n c e s  among the samples of  t h i s  and o th e r  s t u d i e s  
w i th  r e g a r d  to  the t ime p e r io d  from which the  da ta  were taken  may 
i n h i b i t  a d i r e c t  compar ison .  The major  c o r p o r a t e  f a i l u r e  s t u d i e s  t h a t  
have o b ta in e d  the m a j o r i t y  of  t h e i r  da ta  from the s e v e n t i e s  i n c lu d e  
those  by Altman and McGough (1974) ,  Altman e t  a l .  (1977) ,  Diamond 
(1976) ,  Moyer (1977 ) ,  Ohlson (1980) and Zavgren (1983 ) .  Most of  the se  
s t u d i e s  u t i l i z e  da ta  up to  1976 w i th  the  e x c e p t io n  o f  the s tudy  by 
Zavgren t h a t  used  f a i l u r e  da ta  up to  1978.  The c u r r e n t  s tudy i s  the 
on ly  one known to u s ,  a s  o f  t h i s  w r i t i n g ,  t h a t  has  i n v e s t i g a t e d  da ta  
up to  1982.
TABLE 4
CLASSIFICATION RESULTS
CUMULATIVE ACCURACY BY PERIOD
1972 Sample
Model 73 
C o r r e c t ly  C l a s s i f i e d / T o t a l
Model 75 
C o r r e c t ly  C l a s s i f i e d / T o t a l
Model 77 
C o r r e c t ly  C l a s s i f i e d / T o t a l
P e r iod F a i l e d Non-Fa iled F a i l e d Non-Failed F a i l e d Non-Fai led
72-73 11/13 11/13 12/13
72-74 16/20 14/20 17/20
72-75 23/27 20/27 24/27
72-76 30/39 27/39 31/39
72-77 35/46 1151/1431 31/46 1273/1431 36/46 1201/1431
The cumula t ive  accuracy  in  a p a r t i c u l a r  pe r iod  i s  r e p r e s e n t e d  by the r a t i o  o f  the  c o r r e c t l y  
c l a s s i f i e d  f a i l e d  ( n o n - f a i l e d )  companies over  the t o t a l  number of  the f a i l e d  ( n o n - f a i l e d )  
companies p r e s e n t  in  the sample w i th i n  the  r e s p e c t i v e  p e r i o d .









CUMULATIVE ACCURACY BY PERIOD
1973 Sample
Model 73 
C o r r e c t ly  C l a s s i f i e d / T o t a l








C o r r e c t ly  C l a s s i f i e d / T o t a l
1129/1498








C o r r e c t ly  C l a s s i f i e d / T o t a l
1269/1498








See fo o tn o te s  in  Table 4 .
TABLE 6







CUMULATIVE ACCURACY BY PERIOD
1975 Sample
Model 73 
C o r r e c t ly  C l a s s i f i e d / T o t a l








C o r r e c t ly  C l a s s i f i e d / T o t a l
1148/1525








C o r r e c t ly  C l a s s i f i e d / T o t a l
1239/1525








See fo o tn o te s  in  Table 4 .
TABLE 7







CUMULATIVE ACCURACY BY PERIOD
1977 Sample
Model 73 
C o r r e c t ly  C l a s s i f i e d / T o t a l








C o r r e c t ly  C l a s s i f i e d / T o t a l
1267/1589








C o r r e c t ly  C l a s s i f i e d / T o t a l
1349/1589








See fo o tn o te s  in  T able 4.
TABLE 8
CLASSIFICATION ACCURACY BY DISTANCE FROM DATA YEAR
Model 77
Samples 1972, 1973, 1975 and 1977
Cumulative C l a s s i f i c a t i o n  o f  
F a i l e d  Companies 
Sample Ent ry  Years
Years 
P r i o r  To Type I  Type I I
1972 1973 1975 1977 Bankruptcy Accuracy % E r ro r % E r r o r  %
(1)
a i / b i
(2)
a 2/ b 2
(3)




12/13 9/11 2/3 8/9 31/36 1 31/36 86.1 13.9
17/20 15/17 9/11 13/15 54/63 2 23/27 85.2 14.8
24/27 22/28 17/20 17/22 80/97 3 26/34 76.5 23.5
31/39 27/35 21/26 20/28 99/128 4 19/31 61.3 38.7
36/46 34/43 25/33 24/33 119/155 5 20/27 74.0 26.0 20 .0
Columns ( 1 ) ,  ( 2 ) , ( 3 ) ,  and (4 )  a r e taken from Tables  4, 5, 6, 7 and they r e p r e s e n t  the cum ulu la t ive
a c c u r a c i e s  (by p e r io d )  o f  c l a s s i f y i n g  c o r r e c t l y  f a i l e d  companies w i th  the  use o f  Model 77 i n  the  
samples of  72,  73, 75, and 77,  r e s p e c t i v e l y .
(5)  a5 = a 1 + a2 + a3 + a4
(5) b^ = + b,, + b3 + b^
(6)  Absolute d i f f e r e n c e  o f  s u c c e s s iv e  numera tors  o f  column ( 5 ) / a b s o l u t e  d i f f e r e n c e  o f  suc c e e s iv e
denominators o f  column (5)
TABLE 9
CLASSIFICATION ACCURACY BY DISTANCE FROM DATA YEAR
MODEL 77
Samples 1972, 1973, and 1975
Years 
P r i o r  To Type I
(5 )
Bankruptcy Accuracy % E r r o r  5
(6) (7) (8)
23/27 1 23/27 85.2 14 .8
41/48 2 18/21 85.7 14.3
63/75 3 22/27 81.5 18.5
79/100 4 16/25 64.0 36.0
95/122 5 16/22 72.7 27.3
Type I I  
E r r o r  %
19.8
See f o o tn o t e s  In Table 8.
(5) C a l c u l a t e d  as In Table 9 by us ing  Columns ( 1 ) ,  ( 2 ) ,  and (3 )
TABLE 10
MISCLASSIFICATION OF NON-FAILED COMPANIES ALIVE IN 1982
Model 73




Data E r ro r Da ta E r r o r Data E r r o r
Year Type I I P e rc e n t Year Type I I P e rcen t Year Type I I P e rcen t
1972 236/1225 19.2 1972 135/1225 11.0 1972 187/1225 15.2
1973 293/1242 23.5 1973 196/1242 15.7 1973 249/1242 20 .0
1975 322/1239 25.9 1975 254/1239 20.5 1975 289/1239 23.3
1977 256/1254 20.4 1977 184/1254 14.6 1977 225/1259 17.9
Using data  from a p a r t i c u l a r  y e a r ,  companies a l i v e  in  1982 a r e  c l a s s i f i e d  as f u t u r e  f a i l u r e s  or  
n o n - f a i l u r e s  in  the p e r io d  between the da ta  yea r  and 1982. The r a t i o  o f  the  m i s c l a s s l f i e d  non­
f a i l e d  companies over the t o t a l  number of  n o n - f a i l e d  companies i n  a sample p rov ides  the Type I I  
e r r o r .
O l
C H A P T E R  V
5. CONCLUSIONS AND FUTURE EXTENSIONS.
5 .1  Conclusions
The major  c o n t r i b u t i o n  o f  t h i s  s tudy  i s  t h a t  i t  p ro v id es  a 
f u n c t i o n a l  method of  modeling the  e m p i r i c a l  s u r v i v o r  f u n c t i o n  o f  a 
c o r p o r a t i o n  over  a p e r io d  of  a t  l e a s t  f i v e  y e a r s ,  c o n d i t i o n a l  upon the 
c o r p o r a t i o n ' s  observed  f i n a n c i a l  c h a r a c t e r i s t i c s .  This  i s  i n  c o n t r a s t  
to the in f o r m a t io n  p rov ided  by d i s c i m in a n t  a n a l y s i s  and o t h e r  b in a ry  
r e s p o n s e  models which by themselves  can shed l i t t l e  l i g h t  on the way 
the in dependen t  v a r i a b l e s  a f f e c t  the s u r v i v a l  of  companies over  t ime .
The s u r v i v o r  f u n c t i o n  was e s t i m a t e d  th rough the  haza rd  f u n c t i o n ,  
which was s p e c i f i e d  to have the form of  the p r o p o r t i o n a l  haza rds  
model .  The c o v a r i a t e s  employed i n  the fo rm a t io n  o f  the  haza rd
f u n c t i o n  were chosen from accoun t ing  v a r i a b l e s  and f i n a n c i a l  r a t i o s  
c o n s t r u c t e d  from the I n fo rm a t io n  c o n t a in e d  i n  th e  annual  s t a t e m e n t s  o f  
p u b l i c l y  t r a d e d  m anufac tu r ing  and r e t a i l  companies.
The s u r v i v o r  and haza rd  f u n c t i o n s  in  p a r a m e t r i c  form p rov ide  two 
m a th e m a t ic a l ly  e q u i v a l e n t  ways o f  s p e c i f y i n g  the d i s t r i b u t i o n  of  
f a i l u r e  t im es .  In sem iparam e tr ic  form, as i n  t h i s  s tu d y ,  the  s u r v iv o r  
f u n c t i o n  l e a d s  to  the e s t i m a t i o n  o f  the p r o b a b i l i t i e s  o f  f a i l u r e  by 
time i n t e r v a l s  o f  i n t e r e s t ,  i n s i d e  the s tudy  p e r io d  o f  f i v e  y e a r s .  
The s i g n i f i c a n c e  o f  t h i s  f e a t u r e  i s  t h a t  one does n o t  need to be
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co n f in e d  to the  p r o b a b i l i t y  o f  b i n a ry  r e s p o n s e  ( i . e . ,  f a i l u r e  o r  non­
f a i l u r e )  w i th i n  the whole s tudy  p e r io d ;  the p r o b a b i l i t i e s  o f  f a i l u r e  
over  f i n e r  time segments a r e  e s t i m a b l e ,  th e re b y  p ro v id in g  an adequa te  
approx im at ion  o f  the d i s t r i b u t i o n  of  f a i l u r e  t i m e s .  Knowledge o f  the 
d i s t r i b u t i o n  o f  f a i l u r e  t imes l e n d s  i t s e l f  to the e s t i m a t i o n  o f  the  
expec ted  monetary p a y o f f s  under d i f f e r e n t  d e c i s i o n  p o l i c i e s  when the 
time to f a i l u r e  i s  a d e t e rm in a n t  o f  the p ayo f f  s t r u c t u r e .
The e s t i m a t i o n  p ro ced u re  used  h e r e  p ro v id e s  a s y s t e m a t i c  way o f  
e s t i m a t i n g  th e  d i s t r i b u t i o n  o f  f a i l u r e  t im e s ,  t h e re b y  a v o id in g  a 
p r i o r i  s p e c i f i c a t i o n s  o f  the  f a i l u r e  and s u r v i v a l  p r o b a b i l i t i e s .  
S p ec i fy in g  such  a p r i o r i  p r o b a b i l i t i e s  i s  commonly used i n  s e t t i n g  the  
c u t o f f  p o in t  i n  s t u d i e s  o f  c o r p o r a t e  f a i l u r e  employing d i s c r i m i n a n t  
a n a l y s i s  methods.  E i s e n b e i s  (1977) and o t h e r  a u t h o r s  have d i s c u s s e d  
the consequences  o f  us ing  a p r i o r i  p r o b a b i l i t i e s  in  such models .
Another d i f f i c u l t y  in  u s in g  d i s c r i m i n a n t  a n a l y s i s  and l o g i t  
models i s  the  r e q u i re m e n t  o f  c e r t a i n  d i s t r i b u t i o n a l  assumptions  f o r  
the independen t  v a r i a b l e s  i n  the fo rmer  and th e  cum ula t ive  
d i s t r i b u t i o n  o f  the re sponse  v a r i a b l e  i n  the l a t t e r  model .  The 
p r o p o r t i o n a l  h a z a rd s  model does n o t  r e q u i r e  any p a r t i c u l a r  as sumption  
w ith  r e g a rd  to the d i s t r i b u t i o n  of  the c o v a r i a t e s .  Moreover,  the non- 
p a r a m e t r i c  e s t i m a t i o n  o f  th e  b a s e l i n e  haza rd  r a t e  adds to the 
a p p l i c a b i l i t y  o f  the model of  t h i s  s tudy  i n  l i g h t  of  the  d i f f i c u l t i e s  
i n  f i n d i n g  the  exac t  p a r a m e t r i c  form o f  such a h a z a rd .  A p a ra m e t r i c  
s p e c i f i c a t i o n  o f  the u n d e r ly in g  haza rd  i s  co m p l ic a te d ,  g iv e n  the l a c k  
o f  t h e o r e t i c a l  g u id a n ce ,  the smal l  number o f  f a i l u r e s  i n  the  samples ,
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and the p o s s i b i l i t y  t h a t  the u n d e r ly in g  h a z a rd  changes  over  t ime.  
A dm i t ted ly ,  knowledge o f  the e x a c t  p a ra m e t r i c  form of the  b a s e l i n e  
haza rd  can l e a d  to b e t t e r  p r e c i s i o n  in  e s t i m a t i n g  th e  r e g r e s s i o n  
c o e f f i c i e n t s  and the s u r v i v o r  f u n c t i o n ;  a m i s s p ' e c i f i c a t i o n  o f  the 
h a z a rd ,  on the  o t h e r  hand,  can l e a d  to a b i a s e d  s u r v i v o r  f u n c t i o n  and 
g r e a t e r  v a r i a n c e  f o r  the e s t i m a t e d  r e g r e s s i o n  c o e f f i c i e n t s .  The 
p r o p o r t i o n a l  n a t u r e  o f  the haza rd  f u n c t i o n ,  th e  only  major  as sumption  
o f  the Cox model ,  d id  n o t  appear  to be i n a p p r o p r i a t e  f o r  the da ta  
c o n s id e re d  h e r e .
R e l i a b i l i t y / s u r v i v a l  a n a l y s i s  models ,  b e s i d e s  p ro v id in g  e s t i m a t e s  
o f  the s u r v i v o r  f u n c t i o n ,  a l s o  p rov ide  a means o f  e x p l o r i n g  the  
f u n c t i o n a l  form of the e f f e c t  o f  the  independen t  v a r i a b l e s  on the 
f a i l u r e  d i s t r i b u t i o n .  This  f e a t u r e  can c o n t r i b u t e  to the t h e o r e t i c a l  
u n d e r s t a n d in g  of  the f a i l u r e  p ro c e s s  o f  c o r p o r a t i o n s .  In t h i s  s tu d y ,  
the  p r o p o r t i o n a l  haza rds  model was ex p lo re d  f o r  i t s  adequacy i n  
modeling such a f a i l u r e  p r o c e s s .  A l t e r n a t e  s p e c i f i c a t i o n s  o f  the 
haza rd  f u n c t i o n  can h e lp  i n  e x p l o r i n g  o t h e r  assum pt ions  b e s i d e s  
p r o p o r t i o n a l i t y  and the per formance o f  o t h e r  c o v a r i a t e s  i n  modeling 
the s u r v i v a l  o f  c o r p o r a t i o n s .  G radua l ly  more in f o r m a t io n  w i l l  be 
g a ined  about  the f a i l u r e  p r o c e s s .  D i s c u s s io n  on a l t e r n a t e  model 
s p e c i f i c a t i o n  i s  pos tponed  u n t i l  the  n e x t  s e c t i o n .
D i r e c t  comparison o f  the c l a s s i f i c a t i o n  r e s u l t s  o f  t h i s  s tudy  
w i th  those  o f  o t h e r  s t u d i e s  a r e  tenuous  because  of  s u b s t a n t i a l  
d i f f e r e n c e s  i n  the p o p u la t i o n s  u n d e r ly in g  the samples ,  the ways in  
which the  c u t - o f f  p o i n t s  a r e  s e t ,  and the  d i f f e r e n c e s  i n  the  sampling
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schemes used to o b t a i n  the  d a t a .  S u b je c t  to a l l  o f  the  c o n d i t i o n s  
I n t e r f e r i n g  with  the c o m p a r a b i l i t y  o f  the d i f f e r e n t  s t u d i e s ,  the 
sc r e e n in g  accu racy  o f  the  model i n  t h i s  s tudy  a p p e a r s  to  be in  
agreement w ith  the accu racy  o f  o t h e r  s t u d i e s ;  one cou ld  even go a 
l i t t l e  f u r t h e r  in  s u g g e s t in g  t h a t  the  c l a s s i f i c a t i o n  accu racy  in  t h i s  
s tudy  i s  more c o n s i s t e n t  over l o n g e r  p e r io d s  than  i t  i s  i n  some o t h e r  
s t u d i e s  which r e p o r t  h ig h e r  accuracy  i n  the  f i r s t  y e a r  b u t  lower  
a c c u r a c i e s  than those in  t h i s  s tudy  i n  the l a t e r  y e a r s .  Th is  s tudy  
has  adhered  to  random sampling te c h n iq u e s  and has examined the 
performance o f  the model over samples from d i f f e r e n t  p e r io d s  o f  t im e ,  
i n  c o n t r a s t  to  o t h e r  s t u d i e s .  The I n t e r e s t e d  r e a d e r  shou ld  compare 
c l a s s i f i c a t i o n  a c c u r a c i e s  c o n d i t i o n a l  upon the sample d i f f e r e n c e s .  
Lack o f  c o m p a r a b i l i t y  o f  the samples among d i f f e r e n t  s t u d i e s  i s  the 
most p e r v a s iv e  d i f f i c u l t y  i n  comparing the c l a s s i f i c a t i o n  r e s u l t s  o f  
d i f f e r e n t  mode ls .
Even though models a r e  c u s t o m a r i ly  compared i n  terms o f  t h e i r  
a b i l i t y  to  c l a s s i f y  companies a s  f u t u r e  f a i l u r e s  o r  n o n - f a i l u r e s ,  such 
a dichotomous p a r t i t i o n  o f  the s t a t e  space  i s  r a r e l y  a d e q u a te .  For an 
i n v e s t o r  i n  bonds or  s t o c k ,  an e s t i m a t e  o f  the p r o b a b i l i t y  o f  f a i l u r e  
over  s p e c i f i c  time i n t e r v a l s  may a l lo w  b e t t e r  d e c i s i o n s  with  
consequent  h ig h e r  p a y o f f s .  A l e n d e r  knowing the d i s t r i b u t i o n  o f  
f a i l u r e  tiroes can i n v e s t i g a t e  the cho ice  o f  d i f f e r e n t  p o l i c i e s  i n  
re g a rd  to s e t t i n g  premia and examining c o l l a t e r a l  co v e n a n t s .  In 
t h e o ry ,  i f  a r i s k  n e u t r a l  i n d i v i d u a l  had an e x a c t  model f o r  the 
d i s t r i b u t i o n  o f  f a i l u r e  t im es ,  t h e r e  would be no rea son  to p rec lude  a
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company in  a c e r t a i n  r i s k  group  from an in v e s tm en t  o r  l e n d in g  
c o n s i d e r a t i o n  i f  the r i s k  c ou ld  be compensated f o r  by h ig h e r  p r o f i t  
e x p e c t a t i o n s  o r  h ig h e r  premia ch a rg e s  and the  pe rson  cou ld  d i v e r s i f y  
ad e q u a te ly  to  conform to the p r i n c i p l e s  o f  e x p e c t a t i o n s .  In p r a c t i c e ,  
however,  because  o f  the i n h e r e n t  d e f i c i e n c i e s  i n  e m p i r i c a l  mode ls ,  a 
p ruden t  u s e r  would employ an e m p i r i c a l  model as  an e x p l o r a t o r y  dev ice  
r a t h e r  than  as  an e x a c t  r u l e .  The i n v e s t i g a t i o n  o f  the  per formance  o f  
a model over time in  the c o n t e x t  o f  i t s  use i s  more a p p r o p r i a t e  than a 
mere compar ison o f  i t s  c l a s s i f i c a t i o n  r e s u l t s  w i th  those  o f  o t h e r  
models .  However, i f  the  s u r v i v a l  t imes  cou ld  be e a s i l y  c l a s s i f i e d  as 
be ing  e i t h e r  v e ry  s h o r t  o r  v e ry  lo n g ,  then  a b i n a ry  r e s p o n s e  model 
such a s  a d i s c r i m i n a n t  o r  l o g i t  model would be adequa te  and the 
c l a s s i f i c a t i o n  r e s u l t s  f o r  random samples would be r e p r e s e n t a t i v e  o f  
i t s  perfo rmance .
E m p i r i c a l  i s s u e s  t h a t  i n t e r f e r e  w i th  the modeling of  c o r p o r a t e  
f a i l u r e  d i s t r i b u t i o n s  in c lu d e  the small  number o f  f a i l e d  companies ,  
the m u l t i c o l l i n e a r i t y  among the a t t r i b u t e  v a r i a b l e s ,  the s u r r o g a t e  
n a t u r e  o f  acc o u n t in g  i n f o r m a t i o n ,  th e  l a c k  o f  t h e o r e t i c a l  gu idance  i n  
s p e c i f y i n g  the f a i l u r e  d i s t r i b u t i o n s ,  and the v a r i a b i l i t y  i n t r o d u c e d  
by marke t  c o n d i t i o n s  which can n o t  be deduced w i th o u t  obse rv ing  the 
i n d i v i d u a l  company's  b u s i n e s s  env i ronm en t .  C e r t a in  r e s e a r c h e r s  i n  the 
c o r p o r a t e  f a i l u r e  a r e a ,  i n c lu d in g  Ohlson (1980) and Zavgren (1983) 
have sugges ted  t h a t  the p r e d i c t i o n  accu racy  o f  c o r p o r a t e  f a i l u r e  
models  based  on acc oun t ing  in f o r m a t io n  may have approached  an 
asym pto t ic  l i m i t .  F u r t h e r  s u b s t a n t i a l  improvement o f  p r e d i c t i o n
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r e s u l t s  may n o t  be p o s s i b l e  w i th o u t  the u t i l i z a t i o n  o f  i n fo rm a t io n  
i n d i c a t i v e  o f  the f u t u r e  cash  f low p o t e n t i a l  o f  c o r p o r a t i o n s ,  and 
o b ta in in g  such in f o r m a t io n  would r e q u i r e  a c l o s e r  a n a l y s i s  o f  the 
c o m p e t i t i v e  b u s i n e s s  env i ronment o f  an e n t i t y .  Whether b e t t e r  
In fo rm at ion  i n d i c a t i v e  o f  the  p o t e n t i a l  o f  a f i rm can be found and 
i n c o r p o r a t e d  i n t o  a g e n e r a l  purpose  p r e d i c t i o n  model remains  an open 
q u e s t i o n .
5 .2  F u tu re  Research
S u r v iv a l  a n a l y s i s  models  can be used  i n  v a r io u s  a p p l i c a t i o n s  i n  
f in a n c e  where the time to th e  o c cu r ren c e  o f  an ev e n t  o f  i n t e r e s t  i s  an 
im p o r ta n t  d e te rm in a n t  o f  the p a y -o f f  s t r u c t u r e .  Examples of  p o t e n t i a l  
a r e a s  o f  a p p l i c a t i o n  in c lu d e  consumer c r e d i t  r a t i n g  a n a l y s i s ,  bond 
In v e s tm e n t s ,  modeling the time to a m e r g e r / a c q u i s i t i o n ,  and the 
a n a l y s i s  o f  expec ted  p ayo f f s  under d i f f e r e n t  loan  p o l i c i e s .
In  r e g a r d  to c o r p o r a t e  f a i l u r e  mode ling ,  s e v e r a l  a s p e c t s  need to 
be i n v e s t i g a t e d  f u r t h e r ,  I n c l u d i n g :
(1 )  The p o s s i b i l i t y  t h a t  c e r t a i n  r a t i o s  ( i n d e p e n d e n t  v a r i a b l e s )  a r e  
s t ro n g  d e t e rm in a n t s  o f  f a i l u r e  in  the s h o r t  run  b u t  l o s e  t h e i r  
in f o r m a t io n  c o n t e n t  w ith  r e g a rd  to p o t e n t i a l  f a i l u r e  a f t e r  the passage  
o f  a r e l a t i v e l y  s h o r t  t ime.  Using such  t r a n s i e n t  e f f e c t  v a r i a b l e s  may 
l e a d  to s p u r i o u s l y  good s h o r t  run p r e d i c t i o n s  even though us ing  the 
same v a r i a b l e s  f o r  lo ng  run i n f e r e n c e  may b i a s  o r  d i s t o r t  the
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r e s u l t s .  L i q u i d i t y  r a t i o s  i n d i c a t i n g  temporary d i f f i c u l t i e s  i n  
meet ing cash o b l i g a t i o n s  o r  sudden i r r e g u l a r  f l u c t u a t i o n s  i n  a 
company's  s to c k  p r i c e  cou ld  be examples o f  v a r i a b l e s  t h a t  have
t r a n s i e n t  e f f e c t s .
(2 )  C e r t a in  c i rc u m s tan c es  may a c c e l e r a t e  the o n s e t  o f  f a i l u r e  i n  some 
i n d i v i d u a l s  w h i le  l e a v in g  the  remainder  unchanged,  even though a f t e r  
the passage o f  a c e r t a i n  time the a c c e l e r a t e d  o n s e t  i n d i v i d u a l s  w i l l  
have the same haza rd  a s  the u n a f f e c t e d  on es .  C e r t a in  economic 
c o n d i t i o n s ,  such as  i n t e r e s t  r a t e s ,  p ro b ab ly  i n c r e a s e  the
v u l n e r a b i l i t y  o f  companies in  c e r t a i n  i n d u s t r i e s  more so than  i n
o t h e r s .
( 3 )  Another s i t u a t i o n  t h a t  needs  to be i n v e s t i g a t e d  i s  the a v e r s i o n
o f  bankrup tcy  th rough  a merger  o r  a c q u i s i t i o n .
I tems (1 )  and (2 )  can be e x p lo re d  v i a  models of  " t r a n s i e n t  
e f f e c t s "  and " a c c e l e r a t e d  o n s e t "  ( s e e  Cox and Oakes 1984 pp.  7 4 -7 6 ) .  
The a v e r s io n  o f  bankrup tcy  th rough a merger can be i n v e s t i g a t e d
through competing r i s k  models [David and Moeschberger ( 1 9 7 8 ) ] .
Competing r i s k  models can a l s o  be used to model loan  problems in  
a more pragmatic  way by accoun t ing  f o r  the d i f f e r e n t  types  o f  loan
r e l a t e d  l o s s e s .  A p ro b le m a t i c  l o a n  does n o t  always cu lm ina te  in  
bankrup tcy  b u t  can r e s u l t  i n  a l o s s  f o r  a c r e d i t o r  th rough  an 
u n fa v o ra b le  s e t t l e m e n t .
The a p p l i c a t i o n  o f  the above su g g es ted  models ,  however,  i s  n o t  
e a s i l y  accomplished because th e se  models  a r e  s t i l l  under  development 
and t e s t i n g  t h e i r  adequacy r e q u i r e s  a l a r g e  amount o f  d a t a .  Moreover,
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s p e c i f i c a t i o n  o f  a p a r a m e t r i c  form i s  l i m i t e d  by th e  l a c k  o f  knowledge 
about  the u n d e r ly in g  mechanism t h a t  l e a d s  to f a i l u r e .
FOOTNOTES
1. Number of  f i rm s  t h a t  p e t i t i o n e d  c o u r t s  to  l i q u i d a t e  o r  to 
r e o r g a n i z e  under  the p r o t e c t i o n  o f  b ank rup tcy  l a w s ,  U. S. 
A d m in i s t r a t i v e  Bankruptcy C our t s ,  Washington,  D.C.
2. F a i l u r e  d e f in e d  as  i n  Bus iness  F a i l u r e  Records by Dunn and 
B r a d s t r e e t .  ( F a i l u r e s  in c lu d e  b u s i n e s s e s  t h a t  ceased  o p e r a t i o n s  
fo l l o w in g  a b a n k ru p tc y ,  v o l u n t a r y  l i q u i d a t i o n  l e a v i n g  unpaid 
o b l i g a t i o n ,  o r  companies in vo lved  i n  bank ru p tc y  c o u r t  
p r o c e e d i n g s . )
3.  Average l i a b i l i t y  f i g u r e s  do n o t  i n c lu d e  p u b l i c l y  h e l d  d e b t .
4 .  For more d e t a i l e d  da ta  see  a l s o  Altman,  1983.
5.  See Appendix A.
6 . For more d e t a i l s  see E i s e n b e i s  (1 9 7 7 ) ,  Karson and M a r t e l l  ( 1980 ) ,  
Johnson (1972) ,  Joy and T o l l e f s o n  (1975,  1978) .
7.  These models  a r e  a l s o  r e f e r r e d  to as q u a l i t a t i v e  c h o ice  mode ls .  
For more d e t a i l s  on r e s p o n s e  models  see  a l s o  McFadden (1973) and 
T h e i l  (1978) .
8 . In t h e i r  common form.
9. Concomitant  v a r i a b l e s  shou ld  be f i x e d .
10.  See Cox and Oakes (1984, p .  71 ) .
11.  P e r io d  of  s tudy  n o t  to exceed 5 y e a r s .
12. Se t  o f  i n d i c e s  o f  i n d i v i d u a l s  a t  r i s k  a t  t ime t j *
13. See Appendix C
14. Maximizat ion o f  the p a r t i a l  l i k e l i h o o d  f u n c t i o n  i s  sought  us ing 
th e  Newton-Raphson p ro c e d u re ,  which i n  th e  p ro c e s s  o f  s e a r c h  can 
l e a d  to ove r f low  in  the e x p o n e n t i a l  p a r t  o f  the  hazard  
f u n c t i o n .  This  problem i s  a l l e v i a t e d  when th e  v a r i a b l e s  a r e  
i n t r o d u c e d  i n t o  the model one a t  a time and a good s t a r t i n g  p o i n t  
f o r  the Newton-Raphson i s  s e l e c t e d .
15. These samples o f  t h i s  s tudy  and t h a t  o f  Altman e t  a l  (1977)
d i f f e r  c o n s i d e r a b l y .  I t  shou ld  a l s o  be no te d  t h a t  Altman e t  a l  
b u i l t  t h e i r  model us ing  da ta  one y e a r  p r i o r  to f a i l u r e  o n ly .
16.  See S e c t io n  2 .3  f o r  the  m a them a t ica l  form o f  the p o s t u l a t e d









23.  Given by the r a t i o  o f  the d i f f e r e n c e s  o f  the  numera tors  d iv ided  
by the  d i f f e r e n c e  o f  th e  c o r re s p o n d in g  denominato rs  o f  the  two 
s u c c e s s iv e  cum ula t ive  accu racy  r a t i o s .
24.  R a t io  o f  c o r r e c t l y  c l a s s i f i e d  n o n - f a i l e d  f i rm s  over th e  t o t a l  
number of  n o n - f a i l e d  companies.
25.  Def ined  as  the p e rc e n ta g e  o f  m i s c l a s s i f i e d  f a i l e d  companies over  
the t o t a l  number o f  f a i l e d  companies.
26.  Given by l - ( c l a s s i f i c a t i o n  accu racy  o f  n o n - f a i l e d  com pan ies ) .
27. Using da ta  one yea r  p r i o r  to f a i l u r e .
28.  Average o f  Type 1 and Type I I  e r r o r .
29.  Whenever i n fo rm a t io n  was found t h a t  a d e l i s t e d  company f i l e d  f o r  
bankrup tcy  o r  was l i q u i d a t e d  s u bse quen t  to  i t s  d e l i s t i n g ,  i t  was 
t r e a t e d  as a f a i l e d  company.
For more in f o r m a t io n  on t e s t s  see  Appendix B and  Cox and Oakes 
(1984,  p .  35 and 9 7 ) .
S i g n i f i c a n t  a t  ( a  = . 1 )  u s in g  the l i k e l i h o o d  r a t i o  t e s t .
U sua l ly  contemporary  to  the sample used f o r  f i t t i n g  the model .
Rober t  Morr is  A s s o c i a t e s  ( 1983) ,  "Repor t  on Domestic and 
I n t e r n a t i o n a l  Loan C h a r g e - o f f s " .
N a t u r a l l y ,  companies a s s o c i a t e d  w i th  h igh p r o b a b i l i t i e s  o f  
f a i l u r e  would be excluded from c o n s i d e r a t i o n  s in c e  normal changes 
would n o t  l e a d  to  a c c e p t a b l e  l e v e l s  o f  expec ted  p r o f i t .
As i n  the haza rd  f u n c t i o n .
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APPENDIX A
Bankruptcy and R e o rg a n iz a t io n  Law: H ig h l i g h t s  and D e f i n i t i o n s
S e v e ra l  terms a r e  used  In  the l i t e r a t u r e  to d e s c r i b e  t r o u b l e d  
f i r m s .  U n f o r tu n a t e ly  th e se  terms a r e  o f t e n  used  in t e r c h a n g e a b ly  and 
the  d i s t i n c t i o n s  a r e  n o t  c l e a r .  The terms most commonly used  a r e
f a i l u r e ,  i n s o lv e n c y ,  and b a nk rup tc y .
In the f i r s t  p a r t  of  t h i s  Appendix the  d i s t i n c t i o n s  among the 
d i f f e r e n t  a fo rem en t ioned  terms a r e  h i g h l i g h t e d ;  i n  the  second p a r t ,  
the same th in g  i s  done f o r  the  d i s t i n c t i o n s  among the d i f f e r e n t
Chapters  of  Bankruptcy Code t h a t  apply  to c o r p o r a t e  f a i l u r e s .  
D e f i n i t i o n s
The term f a i l u r e  i s  used to  d e p i c t  the s i t u a t i o n  i n  which a
f i r m ' s  r e a l i z e d  r a t e  o f  r e t u r n  on i n v e s t e d  c a p i t a l  i s  c o n t i n u a l l y  
below the r a t e  on s i m i l a r  in v e s tm e n t s  and i s  expec ted  to remain so in  
the  f u t u r e .  A f i rm  can be a f a i l u r e  i n  the above sense  and y e t
c o n t in u e  to  o p e r a t e  i f  i t  can meet  i t s  monetary o b l i g a t i o n s .
The term f a i l u r e  i s  used  by Dun and B r a d s t r e e t  (D & B) i n  a
s l i g h t l y  more r e s t r i c t i v e  manner.  This  l e a d in g  s u p p l i e r  of  s t a t i s t i c s  
on b u s in e s s  f a i l u r e s  d e f in e s  an e n t i t y  to be a f a i l u r e  i f :
( a )  a l e g a l  a c t i o n  was taken  by the c r e d i t o r s ,
(b )  an e n t i t y  withdrew from o p e r a t i o n  l e a v i n g  unpa id  o b l i g a t i o n s ,
(c )  an e n t i t y  v o l u n t a r i l y  compromised w i th  i t s  c r e d i t o r s .
F a i l u r e s  i n  the economic sense  which cea se d  o p e r a t i o n s  w i th o u t  having
any l e g a l l y  e n fo r c e a b le  debt  o b l i g a t i o n s  a r e  n o t  in c lu d e d  under such a
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d e f i n i t i o n .
In s o lv e n c y ,  a l s o  r e f e r r e d  t o  a s  t e c h n i c a l  i n s o lv e n c y ,  d e p i c t s  t h e  
s i t u a t i o n  i n  which a  f i r m  cannot  meet i t s  c u r r e n t  l i a b i l i t i e s  because  
o f  lack, of  l i q u i d i t y .
Bankruptcy  i s  t h e  c o n d i t i o n  i n  which a f i r m ' s  t o t a l  l i a b i l i t i e s  
exceed t h e  market va lue  o f  i t s  t o t a l  a s s e t s ;  a n o t h e r  t e rm  u sed  f o r  
t h i s  c o n d i t i o n  i s  t h a t  o f  in so lve ncy  i n  bankrup tcy  s en s e  ( d e f i n i t i o n  
appears  i n  S e c t io n  101, Clause  26,  o f  t h e  Bankruptcy  Reform Act of  
1978).  In s o lv e n c y  i n  bankrup tcy  sense  i s  h a rd  t o  de te rm ine  because  of  
t h e  r e q u i r e d  f a i r  v a l u a t i o n  o f  a  company's  a s s e t s .  The l a t t e r  i s  
u s u a l l y  l e f t  t o  t h e  c o u r t  p ro cee d in g s  which a r e  i n i t i a t e d  by a 
p e t i t i o n  f o r  l i q u i d a t i o n  o r  r e o r g a n i z a t i o n .  I f  a  f i r m ' s  c a p i t a l i z e d  
f u t u r e  v a l u e  i s  e s t i m a t e d  t o  be above i t s  c u r r e n t  l i q u i d a t i o n  v a l u e ,  
t h e n  t h e  f i r m  i s  a l lowed  t o  r e o r g a n i z e .  Th is  i s  l e g a l l y  r e f e r r e d  t o  
a s  bankrup tcy  r e o r g a n i z a t i o n .  I f  t h e  c a p i t a l i z e d  v a l u e  of  t h e  f i r m  i s  
deemed t o  be below i t s  l i q u i d a t i o n  v a l u e ,  t h e  company i s  d e c l a r e d  
bank rup t  and i s  l i q u i d a t e d .
Bankruptcy and R e o rg a n iz a t io n  Law H i g h l i g h t s
The Bankruptcy Act o f  1 8 9 8  was f i r s t  p a s s e d  by t h e  U.S.  Congress t o  
r e g u l a t e  t h e  i n t r i c a c i e s  o f  b a n k r u p t c i e s .  S ince  t h e n  s e v e r a l  
amendments and r e v i s i o n s  of  t h e  Bankruptcy Act have t a k e n  p l a c e .  In 
1933 and 1 9 3 ^ a n o t h e r  Act was p a s s e d  which was comprehensive ly  r e v i s e d  
i n  1938 t o  become t h e  Chandler  Act .  F i n a l l y ,  i n  1978, Congress 
e n a c te d  t h e  l a t e s t  Bankruptcy Reform Act  which i s  i n  e f f e c t  a t  
p r e s e n t .
For  t h e  pu rpose  of  t h i s  s tu d y ,  t h e  two Chap te rs  o f  major i n t e r e s t
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r e g a r d i n g  bankrup tc y  and r e o r g a n i z a t i o n ,  a r e  the Chapter  X and Chapter  
XI o f  the Chandler  Act .  These two Chapte rs  were r e v i s e d  and 
i n t e g r a t e d  i n t o  Chapte r  11 o f  the  Bankruptcy Reform Act o f  1978.
The t h r e e  d i f f e r e n t  C hap te rs ,  X, XI,  and 11, which w i l l  be 
b r i e f l y  d e s c r ib e d  in  the s e q u e l ,  d i f f e r  in  r e g a r d  to the fo l low ing  
f u n c t i o n s :
( 1 ) i n i t i a t i o n  o f  p ro c e e d in g s ,
( 2 ) cus tody  of  p r o p e r t y ,
(3 )  c r e d i t o r  p r o t e c t i o n ,
(4 )  p r e p a r a t i o n ,  rev iew  and acc ep tan c e  o f  the R e o r g a n i z a t io n  p la n .  
Chapter  X p ro cee d in g s  a p p l i e d  to  c o r p o r a t i o n s  w i th  s ecu red
c r e d i t o r s ,  p u b l i c l y  h e ld  c o r p o r a t i o n s  ( e x c e p t  r a i l r o a d s )  and those 
companies w i th  complex debt  s t r u c t u r e  t h a t  cou ld  n o t  be p ro cessed  
th rough the Chapter  XI p r o c e e d in g s .  F i l i n g  under Chapter  X r e q u i r e d  
j u s t i f i c a t i o n s  as  to why a ca s e  c ou ld  n o t  be hand led  under the s im p le r  
Chapter  XI p ro c e e d in g s .
From the management 's  p o i n t  o f  view, Chapter  X was l e s s  d e s i r a b l e  
than  Chapter  XI because  an independen t  and d i s i n t e r e s t e d  t r u s t e e  was 
a u t o m a t i c a l l y  a p p o in te d  f o r  a l l  c a s e s  w i th  in d e b te d n e s s  o f  more than 
$250,000 to  assume c o n t r o l  o f  the  company f o r  the  d u r a t i o n  o f  the  
p r o c e e d i n g s .
The S e c u r i t i e s  and Exchange Commission (SEC) p layed  an im por tan t  
a d v i s o ry  r o l e ,  under the Chandler  Act ,  i n  a l l  c a s e s  exceed ing  $3 
m i l l i o n  in  l i a b i l i t i e s .  The SEC's r o l e  under the 1978 bankrup tc y  
Reform Act i s  minim ized .
Chapter  XI p ro cee d in g s  a p p l i e d  to unsecured  c r e d i t o r s  o f
87
companies .  Chapter  XI a r rangem en ts  were much s im p le r  i n  n a t u r e ,  
u s u a l l y  r e q u i r e d  much l e s s  time and the p lan  o f  a c t i o n  was r e q u i r e d  to 
be approved only  by the unsecured  c r e d i t o r s .  The Cour t  had the power 
to a p p o i n t  a t r u s t e e  to manage the  company dur ing  the  p rocee d ing ;  
however, t h i s  was n o t  done a u t o m a t i c a l l y  a s  under Chapte r  X 
a r rangem en ts .  Under Chapter  XI the  d e b to r  cou ld  borrow new funds  t h a t  
had p r i o r i t y  over  the unsecured  deb t .
For  bo th  Chap ters  X and XI,  the a s s e t s  were p u t  under the 
p r o t e c t i o n  o f  the c o u r t .  A lso ,  under the p r o v i s i o n s  o f  b o th  Chapters  
X and XI, a p lan  f o r  r e o r g a n i z a t i o n  was proposed :  i f  a c c e p te d ,  the  
company was r e o r g a n i z e d ,  o th e r w i s e ,  the company was l i q u i d a t e d .  The 
premise on which a company was a l lowed  to r e o r g a n i z e  was whether  the  
c a p i t a l i z e d  v a lu e  o f  i t s  f u t u r e  e a r n i n g s ,  d i s co u n ted  f o r  r i s k s ,  
exceeded th e  l i q u i d a t i o n  v a l u e  o f  i t s  a s s e t s .  I f  the  c a p i t a l i z e d  
va lue  exceeded  t h a t  o f  l i q u i d a t i o n ,  then  the company was r e o r g a n i z e d ,  
o th e rw is e  i t  was l i q u i d a t e d .
The Bankruptcy Reform Act o f  1978 was e n a c te d  in  o r d e r  to r e v i s e  
and make th e  o l d e r  Code more e f f i c i e n t .  The t e x t  o f  th e  new Code i s  
a v a i l a b l e  In Bankruptcy Law R e p o r t s ,  No. 389, October 26,  P a r t  I I ,  
p u b l i s h e d  by the  Commerce C le a r in g  House, Chicago, I l l i n o i s .  A rev iew  
o f  the new Code i s  a l s o  p rov ided  by D u b e r s te in  ("A Broad View o f  the 
New Bankruptcy Code" Brooklyn B a r r i s t e r ,  A p r i l  1979) and by Altman
(1983) .
Chapter  11 of  the 1978 Reform Act d e a l s  w i th  p ro c e d u ra l  a s p e c t s  
o f  b u s in e s s  r e o r g a n i z a t i o n .  Chapter  11 i n t e g r a t e d  Chapters  XI and X 
and a p o r t i o n  o f  Chapter  XII on r e a l  p ro p e r ty  a r rangem en ts .
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The procedure  f o r  r e h a b i l i t a t i o n  o f  c o r p o r a t i o n s  under  Chapter  11 
p ro v id e s  f o r  the f o l lo w in g :
1.  Bankruptcy p ro cee d in g s  can be i n i t i a t e d  v o l u n t a r i l y  by the 
d e b to r  o r  i n v o l u n t a r i l y  by t h r e e  o r  more c r e d i t o r s  w i th  
c l a im s  above a s p e c i f i e d  l e v e l ;
2.  The c o u r t  may o r  may n o t  a p p o i n t  a t r u s t e e ;
3.  The c r e d i t o r s  a r e  r e p r e s e n t e d  by the l a r g e s t  seven c r e d i t o r s
and any o t h e r s  approved by the  c o u r t ;
4 .  The debtor  has  to  propose ( u n l e s s  an e x t e n s i o n  i s  g r a n t e d )  a
p la n  w i th i n  120 days .  I f  any s p e c i f i e d  d e a d l in e  i s  n o t  met,  
any i n t e r e s t e d  p a r t y  can submit  a p lan ;
5.  The c o u r t  ho ld s  h e a r i n g s  on the  p lan  and i f  deemed f a i r ,
c r e d i t o r s  v o te  f o r  i t s  a p p ro v a l ;
6 . I f  the p lan  i s  approved ,  i t  i s  p u t  fo rward  under the
s u p e r v i s i o n  of  a t r u s t e e  or  of  the c o u r t .
For more d e t a i l e d  d i s c u s s i o n  on Chapter  11 the  i n t e r e s t e d  r e a d e r  
i s  r e f e r r e d  to Weintraub ( 1 9 8 0 ) , "What Every C r e d i t  Execu t ive  Should
Know About Chapter  11 o f  the  Bankruptcy  Code,” New York: N a t io n a l
A s s o c i a t i o n  of  C re d i t  Management.
APPENDIX B
Computa t ional  D e t a i l s
(1)  Newton Raphson Algori thm:
The Newton Raphson a l g o r i t h m ,  which i s  used  to maximize the 
p a r t i a l  l i k e l i h o o d ,  s e a rch es  f o r  the  op t im al  v a l u e s  o f  the 
c o e f f i c i e n t s  3 by changing the pa ram ete r  e s t i m a t e s  a t  each  i t e r a t i o n  
u s in g
A3 -  I _ 1 (3 )  U (3 )  f
where:  U( 3 ) and 1(3) r e p r e s e n t  the v e c t o r  of  the  f i r s t  d e r i v a t i v e s  
and the n e g a t iv e  of  the m a t r ix  of  the second p a r t i a l  d e r i v a t i v e s  of  
the  ( p a r t i a l )  lo g  l i k e l i h o o d  w i th  r e s p e c t  to  3, r e s p e c t i v e l y  [ s ee  
M i l l e r  (1981,  p .  124);  BMDP (1983,  p .  6 8 4 ) ] .
The N-R a lg o r i th m  s to p s  when the  a b s o l u t e  v a lu e  of
[ In  L ( 3  ) -  In  L (S .  . ) ] / l n  L (S . )
“ J  - J - l  “ j
-5  *f a l l s  below 1 0  , where ^(B^) r e p r e s e n t s  the p a r t i a l  l i k e l i h o o d  
f u n c t i o n  a t  the k th  i t e r a t i o n .
(2 )  Asymptotic  Covar iance  ( C o r r e l a t i o n )  M atr ix :
The a sy m p to t ic  c o v a r i an ce  m a t r i x  i s  c a l c u l a t e d  by the i n v e r s i o n
A
o f  the 1 (3 )  m a t r i x .  The c o r r e l a t i o n  m a t r ix  i s  o b t a in e d  by d iv id in g  
the e lements  of  the cova r i ance  m a t r ix  by the  co r respond ing  s t a n d a rd  
e r r o r s .
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(3 )  T e s t s  of  Hypotheses :
*
Hypotheses  o f  the  form Hq : p = 0  can be t e s t e d  u s in g  the 
fo l low ing  s t a t i s t i c s :
( a )  The Wald s t a t i s t i c ,  g ive n  by
W = 3 [C0V(3 ) ]  3 ,
• k
where 3  i s  the  v e c t o r  o f  the r e g r e s s i o n  c o e f f i c i e n t s  c o n s id e r e d
n *f o r  e l i m i n a t i o n  and 3 i s  the c o r re spond ing  v e c t o r  o f  e s t i m a t e s .
(b )  The l i k e l i h o o d  r a t i o  t e s t ,  de f in e d  by
L = 2 [ i n  L(3)  -  In  L(3R) j ,
A
where 3 a r e  the e s t i m a t e d  c o e f f i c i e n t s  us ing  the r e s t r i c t e d
“ K
mode l .
( c )  The sco re  s t a t i s t i c ,  g ive n  by
U'<3 > I _ 1 (3 ) )o - o - o ,
where 3 q i s  the v e c t o r  having  ze ro  f o r  the c o e f f i c i e n t s  
c o n s id e r e d  f o r  e l i m i n a t i o n  and the e s t i m a t e s  from the r e s t r i c t e d  
model in  the  remain ing  p o s i t i o n s .
The Global  c h i - s q u a r e  s t a t i s t i c  i s  g iven  by the s co re  s t a t i s t i c
when 3 = 0 .
- o  -
A l l  t h r e e  s t a t i s t i c s  a r e  compared w i th  the Ch i- square  
d i s t r i b u t i o n  w i th  q degrees  of  freedom, where q e q u a l s  the  number o f  
c o e f f i c i e n t s  c o n s id e r e d  f o r  e l i m i n a t i o n .
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(4 )  The e s t i m a t e d  cum ula t ive  haza rd  f u n c t i o n  S ( t , z )  i s  c a l c u l a t e d  
u s in g  the method o f  Link (1979):
A A k  A  A
S ( t , z )  = e x p ( 3 , z )  [S ( t j  -  t 1_ l ) hQi + ( t  -  tj^) hok+1 J,
where
h o i  = “ i  ^ i  "  t i - l ^ ” 1  e x P<i*
Rj i s  the s e t  of  i n d i c e s  of  the i n d i v i d u a l s  a t  r i s k  a t  the t ime of  the 
i t h  f a i l u r e ,
%  < f < t k+1,
t  = 0 . o
(5)  The r e s i d u a l s  a r e  c a l c u l a t e d  as
A  A
e 1  = e x p ^ , ^ )  S ( t , 0 )  .
( 6 ) The cum ula t ive  h a z a rd  f u n c t i o n  H(e) o f  the s o r t e d  r e s i d u a l s  i s  
c a l c u l a t e d  as
H ( a )  = I  . . ( f t j ) ' 1  + ( e  -  ek ) mk + 1  C# ^ ) " , 1
J
where e, < e <  e, e = 0  and #R. denotes  the number o f  ca se s  a t  k -  k+ 1  o j
r i s k  a t  time j .
Appendix C 
Se t  of  V a r ia b l e s
The fo l low ing  v a r i a b l e s  in  the o r i g i n a l  o r  t r ansformed  form were co n s id e re d  as  c o v a r i a t e s :
1. (Cash and E q u iv a len t s  + R e c e iv a b l e s ) / C u r r e n t  L i a b i l i t i e s .
2 .  (Income b e fo re  E x t r a o rd in a ry  I tems and D iscon t inued  O pera t ions  + D e p r e c i a t i o n ) / S a l e s .
3.  O pera t ing  Income b e fo re  D e p r e c i a t i o n / S a l e s .
4.  Operat ing  Income b e fo re  D e p re c i a t io n /T a n g ib le  A ss e t s .
5.  Curren t  A s s e t s / C u r r e n t  L i a b i l i t i e s .
6 . (C u r ren t  A sse t s  -  C urren t  L i a b i l i t i e s ) / T a n g i b l e  A ss e t s .
7.  S a le s /T a n g ib l e  A s s e t s .
8 . (Income be fo re  E x t r a o r d in a r y  I tems and D iscon tinued  O pera t ions  + T a x e s ) / S a l e s .
9.  (Income be fo re  E x t r a o rd in a ry  I tems and D iscon t inued  O pera t ions  + Taxes ) /T ang ib le  A s s e t s .
10.  (Income b e fo re  E x t r a o rd in a ry  I tems and D iscon t inued  O pera t ions  + Taxes + I n t e r e s t ) / I n t e r e s t
11.  (Income b e fo re  E x t r a o rd in a ry  I tems and Discon t inued  O pera t ions  + Taxes +
I n t e r e s t ) / ( I n t e r e s t  + Minimum r e n t a l  in  one y e a r . )
12.  Operat ing  Income a f t e r  D e p re c i a t io n /T a n g ib le  A s s e t s .
13.  Re ta ined  E a rn in g s /T an g ib le  A s s e t s .
14. C a p i t a l  S u rp lu s /T a n g ib le  A s s e t s .
COo\
15.  N a tu ra l  log  of  t o t a l  a s s e t s .
16.  T o ta l  D eb t /T o ta l  I n v es ted  C a p i t a l .
17. Market va lue  of  Common S to c k /T o ta l  I n v es ted  C a p i t a l .
18.  (Market v a lu e  + P r e f e r r e d  Stock a t  L iq u id a t in g  V a lu e ) / T o ta l  Debt.
19. Market Value/ (Market  Value + P r e f e r r e d  a t  L iq u id a t in g  Value + T o t a l  Debt + D efer red  Taxes 
and Inves tm ent Tax C r e d i t ) .
20.  (High Stock P r i c e  -  Low Stock P r i c e ) / ( H i g h  Stock P r i c e  + Low Stock P r i c e )  *.5
21.  Trend i n  Primary Earnings
22.  Index:  equal  to 1 i f  t r end  i n  Primary Earn ings  i s  p o s i t i v e ,  -1 o th e rw is e .
APPENDIX P 
C a l c u l a t i o n  o f  the C u to f f  P o in t
1.  Following the a ssum pt ions  o f  s e c t i o n  4 . 2 ,  the  c u t o f f  p o i n t  i s  the
va lue  of  I  t h a t  s o lv e s  the fo l lo w in g  e x p r e s s io n :
-L ( 1  -  sj<3)) + P (S* (3)) = .44 .
L e t  .625 be the amount l o s t  pe r  d o l l a r  o f  p r i n c i p a l  o u t s t a n d in g  a t  the
time o f  f a i l u r e ,  and l e t  .462 be the r e t u r n  on a d o l l a r  r e s u l t i n g  from 
13.5% i n t e r e s t  compounded a n n u a l ly  on a t h r e e  yea r  b a l lo o n  l o a n .  Then 
by s u b s t i t u t i o n  the above e x p r e s s io n  becomes:
-1 .0 8 7  ( 1 - . 9 9 5 1) + .462 ( . 9 9 5 ) 1  = .44 
I  = I n  ( 1 .5 2 7 /1 .5 4 9 )  l n - 1 ( .9 9 5 )  = 2.86
2. The as sumption  t h a t  a company w i th  a r i s k  index  I  g r e a t e r  than or 
equa l  to th e  c u t o f f  p o i n t  i s  w i l l i n g  to pay 13.5% i n t e r e s t  on the  
above loan  was based  on the fo l lo w in g  in f o r m a t io n :
At the time when the prime r a t e  was 12.5%, the fo l l o w in g  i n t e r e s t  
r a t e s  were c o n s id e r e d  to be r e a l i s t i c  f o r  t h r e e  y ea r  b a l lo o n  m a t u r i t y  
l o a n s :  12 .7 ,  1 2 .8 ,  1 2 . 9 ,  1 3 .1 ,  13 .3  and 13 .5  f o r  companies c a r r y i n g  a 
bond r a t i n g  o f  Aaa, Aa, A, Bbb, Bb and B, r e s p e c t i v e l y .  T h e r e f o re ,  
t ak ing  i n t o  c o n s i d e r a t i o n  t h a t  lo a n s  g ive n  to  companies r a t e d  below B 
a r e  c o n s id e re d  s p e c u l a t i v e ,  the 13.5% i n t e r e s t  r a t e  was deemed as a 
p l a u s i b l e  charge  to  be used  f o r  s e p a r a t i n g  h ig h  and low r i s k  
i n d i v i d u a l s .
94
95
3.  The assumed charge o f  13% to a company t h a t  has  c h a r a c t e r i s t i c s  
equa l  to p o p u la t io n  ave rages  was c o n s id e r e d  p l a u s i b l e ,  t ak ing  i n t o  
account  t h a t  an "average"  company's r a t i n g  w i l l  f a l l  in  the i n t e r v a l  
between A and Bbb.
Even though the c a l c u l a t e d  c u t o f f  p o i n t  i s  r e a l i s t i c ,  i t  i s  based  
on c e r t a i n  assum pt ions  t h a t  may n o t  s u i t  e v e r y o n e ' s  p r e f e r e n c e s .  For 
t h i s  r e a s o n ,  i n  the s e q u e l ,  c l a s s i f i c a t i o n  r e s u l t s  a r e  a l s o  p r e s e n t e d  
f o r  c e r t a i n  a l t e r n a t i v e  c u t o f f  p o i n t s .
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Years













Type I  and I I  E r r o r s  by C u to f f  P o in t*
C u to f f  P o i n t  5 
E r ro r





66.6  8 . 6
C utof f  P o i n t  4 
E r r o r






Type I I  %
12.7
C u to f f  P o i n t  3 .5  
E r r o r





40 .7  15.5
C uto f f  P o i n t  3 .25 
E r r o r





37 .0  17.5
* E r ro r s  were c a l c u l a t e d  the same way a s  i n  Table 8 , u s in g  Model 77 and 
samples of  1972, 1973, 1975 and 1977.
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Type I  and I I  E r r o r s  by C u to f f  P o i n t
Years






C u to f f  P o i n t  3 
E r r o r





3 7 .0  19.3
C uto f f  P o in t  2.75 
E r r o r





25 .9  21 .8
Years






C u to f f  P o in t  2 .5  
E r ro r






Type I I  %
24 .4
C u to f f  P o i n t  2 
E r r o r





14 .8  31 .5
C u to f f  P o in t  1 
E r ro r
Years





5 7.4 54 .0
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